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3. ORGANIZATION OF THE VEGETATION Preparatory Prograuune
The totaf budget for the Vegetation Preparatory Programme Is 2MECU, represenUng about 2% of the total
cost of the VEG~ATION Prograrnme for development of the first fltght mdel and Ground Segment. This
budget wUI be devoted to specific studies that could be contracted dfrectty and to tnvestlgations hat wtlf be
selected through Calfs for Proposals wtUt the obJecUves described above.
After the selection of proposals has been made by the lUC. tie techntcal and sclentic follow-up wtlf be the
responsibfflty of the Programme Scientist and the lUC. and all ticlal management .SSPC* wffl be the
responsibtllty of CENTRE NATfONAL DE’IUDES SPA~ acUng as the QMaitre doeuvre . of the
VEG~ATfON ProJect.

3.1 rrtLJest@dons
hwesUgaUons wtll be selected after this first Call for Propoaaf. it Is planned that each lnvesUgation should
preferably be separated into two phases that should be deacrtbed in the proposals :
1. a prelaunch phase where data sets ● simtfar Eto those that could be provided by tie actual system will be

used. During this phase. lnvesUgaUons should address all methodological and development problems.
2. a postlaunch phase, where the conclusion of the prelaunch phase should be adapted and discussed, using

actusf VEGETATION data se~.
No duration IS tmposed on the Investigations during the flrat phase. However. the schedule of each
investigation should be adapted to provide an Interrnedtate report on tie acttvitles and on preliminary results
after about one year tim the beginning.
For the second phase. tial results are expected to be reported about one year after tie system is declared
operational.

3.2 lnJorma.tion exctige and reporting
To maintain a high level of communication between the Programme and the tnvesUgators and to foster
exchanges wtthln the Vegetation user mmmuniiy. meetings WIIIbe organised by the IUC at severaf crttical
stages of the fnvestigattons. It ts envisaged to have three to four meetings for each Investigation : a ktck-off
meeting. after each selecUon 1s announced where each invesUgator team will have to present ik research plan
and expected resul@, an Interrnedtate meetingwhere investigators wtlf present their [nterrnedlate Report and a
final meeting where afl the results of the two phases wtfl be presented by the fnvesUgators and discussed,

3.3 Punding
The total funds available for the invesUgations is a IIttle less than 2 MECU (from 1.6 to 1.8 MECU). In
prtnclple. the selected investigations wffl be funded Wth a m-urn p-cipatton of 50% from the
VEGETATION Progrsmme where onfy material. data and tivel cc6ts should be considered (direct labor costs
wtll not be considered). It is also desired hat funds sffotted to the selected investigations are surncient to atlow
for an ernclent conWbuUon to the objectives of the re~ned proJects. During the selection phase. the IUC
resemes the right to retain much less than 50 proposals for each Calf for Proposal tf It ts deemed necessary to
Increase the funding level to some selected investigations
No decision has been taken concerning the generation and provision of simulated data seta by the Programme.
Therefore tie propsal should separately and clearly descrtb and Justify the cost of generating the necessary
sbnulated data seta with the assumpUon that they wUI have to be generated as part of the Investigation. For
actual VEG~ATfON dah that wttl be used in the post launch phase, the proposal does not have to mention
costs but tie actuaf data sets should be clearly descrtbed in terms of product nature, area to be covered, dates
of aquisltton. preferred format and support.
The Data Stmulatton Plan and Data Cost Plan which must be part of the proposal as described in Appendix A
will be the basis for interacUon between the Programme SclenUst and lnvesttgators with respect to simulated
and otier data dlstrtbuUon.

3.4 Ptining
The tnvesUgaUons selected after this first Call for Proposal should begin tn February 1995. to conttnuc with the
posttaunch phase with a nomiml launch date of Octiber 1997.

3.5 Proposal preparation
The proposal should be prepared following the guidelines given in AppendLx A. [t is required that afl proposals
include the lnvesUgaUon and TechnJcd Plan and the Management/Cost Plan. If a prospecUve Investigator fails
to observe the requirements given tn Appendix A. the IUC reserves the right to return the proposal to the
proponent upon receipt without fifier revtew or evafuaUon.

VEGETATION Prrpantory pro~mmc - CSI1 for Proposal # 1 - 07/21 /94



3.6 Proposal submbswn
The proposalsshould be =nt in 12 copies to the folfmvtng address :

Institute for Remote Sensing Applications
Vegetation Intcmattonsd Users Comrntttee

attention : Gllbcrt 3Al~
Jotnt Research Center

I-21020 lSPRA(Varese)Italy
They should be received no later than October 151994.

3.7 3e&ction procedure and criteria
~e selectlon W be led by the IUC. possibly wtth etiemal expcrUae from spcciaflacd intematlonaliy -M
cxpcrta. The foliowlng crt~a wtll be used:
1. the rekvan~ of the proposed invesUgaUon to the VEGHATfON Preparatory Programme spe~

opportunity and to its objectives,
2. the scientific and technical mertt of the investigation. together wtti its lmpoticc wltitn the obe of

the Rogrsmme,
3. the feasiblflty of accomplishing the pro~sed Investigation in the mntcti of tie schedule presented above.
4. tie acceptance and proposed contrtbuUon by Ure Prtncipsl lnvesUgator and any ColnveaUgator @

parttclpatc to the tvm phases of the Programme.
5. the competence and relevant experience of the Principal lnvesUgator,
6. the reputation and Interest of the Investlgator”s lnsUtutlons,
7. the quality and completeness of the Management/Cost.
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1. INTRODUCTION

On behalf of the VEGETATION Programme Steting Committee, the VEGETATION
International Users Committee [lUC] announces the opportuni~ to conduct research and
development related to the characterlz.atton of terrestrial surface parameters. to the
monitoring of agriculture. forestry and pasture productions and to the study of the
continental bfosphere. Investigations related to MS Call for Proposal must be designed to
contribute to the preparation of use of data which will be provided by the VEG~ATION
system.

The VEGETATION Programme is developed jojntly by France, the European Commission.
Belgium, Italy and Sweden. It is composed of an instrument which will be flown onboard
SPOT 4, scheduled for launch in October 1997, and of a ground segment that will process
the instrument measurements and make standard products available to the general user
commurdty. Its charactertsttcs were tailored to monitor land surface parameters wtth a
frequency of about once a day on a global basis and a medium resolution of about 1km.
The VEGETATION system WI1l complement the hjgh resolution capabilities of SPOT, and
provtde corresponding visible to short wave tnfrared measurements in four spectral bands.
Its ortginal features and its situation onboard SPOT 4 will allow users to have access to :

1. robust and simple multttemporal measurements of the solar reflection domain radiative
characteristics of land areas,

2. a continuous and global motitortng of the continental areas either through a centralized
archiving and processing facility or using local receiving stations for local or regional
studies,

3. long term data sets tith accurate callbratton and positioning, continuity and
consistency through the renewal of the system on futier satellites.

4. multiscale approaches using simultaneous measurements acqujred through
VEGETATION and the High Resolution instruments of the SPOT series in the same
spectral bands.

Through this Call for Proposal. the VEGETATION lntemational Users Committee solicits
Proposals to prepare the user community at large, both from the Programme partner
countries and from other countries or international entities, to the integration of
VEGETATION data into its projects. Selection of the Proposals will be performed by the
International Users Committee on the basis of their relevance to the objectives of the
system and of their quality, both for scientific purposes and for operational applications.

The followtng domains of investigation have been deftned as essential to the development
and the promotion of the system itselfi

● support for development or improvement of applications, primarily for the sectorial
policy of the European Union (for agriculture, forestry, environment...)

. R&D on the use of remote sensing data (problems associated with scaling. integration of
high frequency and high resolution data, multltemporai analysis or modeling, spectral
studies —mairdy in the short wave infrared).

● development leading to an enhancement of the definttton of the proposed products or to
algorithms to be implemented in the Ground Processing Segment.

The lUC plans to select at most about 100 projects : these projects will be selected from
Proposals made in response to two Calls for Proposal, the present one and a second one
that wtll be issued around the end of 1995. The selected projects will preferably be
conducted in two phases : a pre-launch phase, using only simulated data sets and a post
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launch phase where actual data acquired through the validated VEGETATION system will
be made available for final conclusions.

The results of the investigations should be made available to the VEGETATION Programme
and to the entire user community through publications, documentation, workshops or
symposia.

2. INVESTIGATION GOM AND OBJECTIVES

The basic objectives of the VEGETATION Preparatory Programme are :

i.

ii.

to foster development of methodologies for the use of medium spatial resolution and
high frequency remote sensing data for vegetation studies : the availabili~ of similar
data sets for about ten years (namely from NOM-AVHRR) has lead to a rapid increase in
research activities and applications related to regional and global analyses of the land
areas, even when the systems which provided these data sets were not designed to
facilitate measurements on vegetation canopies. As VEGETATION will provide products
wtich are specifically tailored to improve quality of such measurements, the user
community must develop an ability to extract the most adequate information from these
improved kinds of data sets.

to prepare the inte~ation of VEGETATION data sets into existing ~roiects or Droiects
stilj under developfient which are routinelv

-.. . .
sing or will use similar data sets before

1997: the specific characteristics of tie .Ys~clr~ were designed to provtde products which
are adapted to identified projects or programmed, both through their technical features
(spectral bands, radiometric and geometic accuracies...) and through the operationality
of the entire system (delivexy time and quality control for products, long term
commitment.. .]. As the design was entirely based on generally known methodologies, it
is expected that the VEGETATION data sets will be included almost directly into the
existing projects. Improvements related to the quality and adaptation of VEGETATION
data sets can also be prepared in advance to benefit from the system as soon as possible
after launch.

The VEGETATION Preparatory Programme will be based both on projects which will be
selected through Calls for Proposal such as this one and on studies that will be contracted
by the Programme to fulfill particular points which are deemed necessary to better define
the characteristics of the system. The investigations proposed in response to this Call for
Proposal should contribute to the above goals of the VEGETATION Preparatory Programme,
Specific fields have been defined by the lUC as priorities for these investigations. They
correspond to priorities that should be taken into account in the proposals in order for
them to fit better the general objectives. These priorities are based on the most important
aspects that should be developed as major sectors where VEGETATION data will be used,
taking as much benefit as possible from its specific characteristics and from the capability
to associate simultaneous high spatial resolution measurements from the SPOT series.

Propositions to the Call for Proposti should then focus on the following fields :

1. support for development or improvement of applications or scientific projects using
VEGETATION type data

● to better evaluate the impact of the use of VEGETATION on the quality and
operationality of the projects

● and to prepare the integration of VEGETATION products into the systems and
procedures which contribute to the objectives of these projects.

A high priority will be given to projects which are related to the sectorial policies of the
European Union, and to activities. both for application and for science. which are

Vegetation Preparato~ Progmmmc - Call for Prop=] # 1 - 07/21/94 p3* 2



supported either by the European Union or by the partners of the programs. For this
category of investigation, proposals should concentrate on the impacts of specific
VEGETATION characterlsttcs such as : ● almost real time ● access to any region,
multitemporal measurements, capability to mti VEGETATION and high spatial
resolution data (both from simultaneous SPOT acquisitions and other sensor systems].
the short wave infrared spectral band, the ● experimental . blue band for possjble
atmospheric effects characterization.

2. development of methodologies for the use of remote sensing data. This till be considered
only when the speciftc characteristics of VEGETATION offer new capabilities or imply
research and development acttvittes to improve the quali~ of informattons which can be
extracted from the VEGETATION products. The topics wMch are priorities for selectton
are the following :

● multiscale analysis using simultaneous or asynchronous Mgh spatial resolution
data and possibly ground sampltng techniques. Proposals could emphasize on the
association and complementarily of VEGETATION (for frequent acquisitions) and of.
high spatial resolution systems (for less frequent acquisitions but givtng access to
spatial heterogeneity for subpkel analysis and/or to information on other
biophysical parameters of vegetation canopies),

● multttemporal analysis related to the dynamics of the surface processes. Proposals
could be built on the use of the VEG=ATION consistent data sets (calibration.
geometric registration accuracies) on different time scales, from seasonal to multi
year studies, to address problems related to vegetation or ecosystems functioning
and to the interaction between bjosphere and climate,

● physical and biophysical parameters extraction. For MS topic, proposals should
show benefits due to tie spatial and temporal sampling rates which are provided
by the VEGETATION products, including all spectral measurements and especially
the short wave infrared and blue bands.

3. definition of improved products that could be generated by the VEG~ATION Ground
segment making full use of the specific characteristics of the system. The capability to
improve the standard VEGETATION products is a specification for the entire system and
will be possible wtth a frequency of wery 18 months to two years. While the first set of
product has now been defined and should be kept for development efficiency, minor
modifications might be considered and a definition of evolution for the first update is
expected from some investigations. Proposals which focus on that we of investigations
should conform to the basjc principle which was applied for the first product definition :
namely that new products or methods should be widely accepted by the users
community at large (through usual mchanges, publication in scientific journals...) and
be applicable for products to be delivered to the entire user commudty and not ordy for
specific applications or geographical areas.

For information, as an indication of the weight that will be assigned to each of the above
priorities, the following distribution was defined by IUC as being a good sharing of the
interest of the program : about 50°4 of the effort should deal with support to projects (field
1), 300/o on methodological development (field 2) and 20°4 on definition of improved
products [field 3).

3. DESCRIPTION OF THE VEGETATION SYSTEM

(This section is a summary of the specifications which are given in the two annexes on
Mission specifications and Products definition)
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The overall objectives of the VEGETATION system are to provide accurate measurements of
basic characteristics of vegetation canopies on an operational basis,

● either for scientific studies involting both re@onal and global scales experiments over
long time periods (for ample development of models of the biosphere dymrnics
interacting with climate models),

. or for systems designed to motitor important vegetation resources, ljke crops, pastures
and forests.

The VEGETATION system, consisting of a satellite-borne sensor and of its associated
ground segment, will provide long term basic measurements adapted to biosphere studies.
Opportunities for scale integration are protided by the combinaUon with the main SPOT
instruments (HRVIR High Resolution Visible and shortwave InfraRed) which allow Mgh
spatial resolution for detailed modelling activities or multilevel sampljng procedures.
Availability of data to dtiferent types of users & facU.itated through the centrfiation of
reception and architing global data sets. The launch date (nominally October 1997) and
duration of the system (5 years of estimated life time for a first model and continuation on
future SPOT satellites) are adapted to a systematic and extensive long term monitoring of
the biosphere.

Clearly this system will benefit from detailed studies based on other systems that are
dedicated to specific studies of the characteristics of remote sensing measurements or to
their relationships wth surface or processes’ parameters. It must be envisaged that the
evolution of the mission specifications will have to take into account results of such studies
to provide improved characterisation of the biosphere state and dynamics.

3.1 Mi6sion objectives

Three types of mission were identified for the system, taking into account the need for
measurements of surface characteristics and the existence of other systems which are
already or will provide other measurements whjch to infer vatious parameters related to
biosphere processes :

. Surface parameters mapping : this is the basic requirement, especially for climate and
meteorological studies where boundary conditions have to be prescribed as in the case of
General Circulation Models or forecasting models. Factors such as albedo, surface
roughness. resistances to heat exchanges —sensible and latent— are important variables
for these models and they can be either determined directly from the measurements or
inferred from identification of land cover. The seasonal and long-term variations of such
variables are related to vegetation dynamics. The capabiliv to identifi, through these
variations, physical characteristics of land cover is a key to accurate prescription of these
vaxlables. Scales addressed in GCM or forecasting models (typically about 100 km) require
that land cover and its variability must be determined with a sampling of about 8 to 10km:
the basic spatial resolution needed for identification of land cover and its variability is 1
km.

. Agricultural, pastoral and forest production : since the beginning of the land surface
satellite remote sensing era [1972), important projects (for example LACIE. AGRISTARS for
USDA, MARS for CEC, TREES for JRC/ESA...) have been set up to develop methodologies
and strategies to use remote sensing data either for mapping of land use in
anthropogenized or natural ecosystems or for estimation of production potential. Their
spectiic objective was to determine the evolution of productions. This objective had to be
adapted to the management of crop production for agricultural expoting countries. to the
monitoring of pastoral resources and their dependence from meteorological evolution, to
the evaluation of possible global impacts of deforestation and more generally to the need
for information related to political or social orientations and decisions.
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s Terrestrial biosphere monitoring and modelisatton : the contrtbutlon of the continental
biosphere to the biogeochemical cycles (exchanges of carbon and other trace gases) and to
water and energy exchanges IS one of the objectives of the development of global models.
Interaction tith human actitittes is also one of the main points to be studied, because the
effect of human pressure on the biosphere might be one of the means by whch man is
acting on climate in the long term. Biosphere processes and land cover characterisation are
the basis for quantification : estimaUons of land cover vafiables as well as the dynamics of
these variables have to be made in order to obtain a good understanding of these processes
upon whtch models may be built. Predictions of impact of climate change on the biosphere
and of interactions of the biosphere with the climate — either due to natural factors or to
human pressure can oniy be inferred from quantification and formalisation of the
mechanisms by which vegetation cover and ecosystems are functioning. Multilevel series of
models have to be developed and linked, ranging from ground studies, local
parameterlsatton and tichange modeis to regional or global dynamics and interaction
models. Remote sensing of the vegetation as shown above offers a unique tool for these
developments, providing the specification of the systems be adapted to each particular
need.

3.2 System characteristics

Radiometry

Spectral bands Wavelength Surface refl. range
Operational : RED 0.61-0.68 pm 0.0-0.5

NIR 0.78-0.89 pm 0.0 -0.7
SWIR 1.58-1.75 pm 0.0- 0.6

Experimental : BLUE 0.43-0.47 pm 0.0- 0.5

Radiometric resolution [NEAp)
RED :0.001 ‘h up to reflectance of O. 10Oh, linear” increase up to 0.003°A for reflectance of
o.5yo

NiR, SWIR : 0.003°h for the entire range
BLUE :0.003°4 for the entire range

Intra-irnage consistency : within an entire image. corresponding
reflectance value

CaUbration accuracg :
interband and multitemporal : better than 3°h
absolute : better than 5°h .

to a NEAp of 0.005 for any

Geometry

Spatial resolution : in both directions 1.15 km at nadir. minimum variations for off-nadir
observations

Field of view : maximum off-nadir observation angle of about 50.5° (-2200 km swath
width)

Geometric accurties :
local distortion : less than 0.3 pwei,
multispectral registration : 0.1 km desired

0.3 km specified
collocation witi HRVIR: 0.3 km for the simultaneous acquisitions

VEGETATION Prcpamtory Prugmmm - Call for Proposal # 1 - 07/21/94 pa~ 5



multitemporal registramn : 0.3 km desired,
0.5 km specified

ham accuracy : better than _ de~red,
10OOm specified

Spatti couerage: about 90% of the equatorial areas are imaged each day, the remaining
10% being ~aged the next day. For latitudes higher than 35° (North and South), all
regions are acquired at least once a day

Operation specifications

Equator crossing time (descending node) :10:30 local solar time

Image transmission : All spectral bands at full spatial resolution acquired on terrestrial
areas will be stored onboard in a solid state memory, allowng the use of ordy one receiving
station to which data will be transmitted in X band. All the spectraI bands wI] also be
transmitted in L band, for possible local receiving stations.

3.3 Products characteristics

The standard products have now been defined by the International Users’ Committee. They
are adapted to the particular missions described above and coherent as much as possible
with the needs of existing projects. Ro general categories of users could be identified :

. research teams which are developing methodologies for the use of VEGETATION data
or scientific biosphere studies : they generally have a study site (about 500 x 500 km2)
and need long time series ( one year of daily or weekly data ),

● projects which are based on the use of both VEG~ATION and other data sets, for which
the data delive~ has to be fully operational and for long periods, for comparison or
historical studies ( one continent every day). Typically, these projects are : MARS,
TREES. IGBP.. .

The overall organisation of the different levels as well as the general characteristics of the
products are now defined. as shown in the attached figure. To illustrate the special
characteristics of the instrument. high ptiority was given to design products that would
allow direct multitemporal registration as well as simple superposition with simultaneously
acquired high resolution data.

VGT-P products are adapted for the first me of users for which physical quality of data is
important. They correspond to data which would have been acquired by an ideal
instrument : they are corrected for system errors (misregistration of the different channels,
calibration of all the detectors along the line-array detectors for each spectral bands) and
resampled to geographic projections for multitemporal analysis as well as for comparison
wth high resolution data. The accuracies given above apply to this data level. Annotations
giting full information on applied corrections [calibration information, geometric
parameters taking into account attitude and position on the orbit), or for further non-
system corrections (“standard” atmosphere parameters) are attached to the data sets.

VGT-S products are most probably the data sets which will be frequently used
operationally : they correspond to VGT-P data to which corrections have been applied using
the annotations and for which some syntheses are provided :

● a daily synthesis using all available measurements on one day for a specific location,

c a 10-day synthesis, based on the selection of the “best” measurement of the entire period.
The selection could be based on the mtimum NDVI value, as it is commonly accepted
today, even if many problems associated to that selection are identified.
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7
Ided system
Cafrections

General structure of the VEG~ATION Products

To adapt to the evolution of users needs as well as to the validation of new algorithms. a
procedure to regularly update the processing system is requested : jt should provide
capabilities to include new methods for data correction, synthesis... as soon as they are
commonly accepted by the user community.

Support to users will be protided to facilitate the use of VEGETATION data : a catalogue
with browsing capabiliw on the data quality (cloudiness) wI] be accessible through
telecommunications lines and usual networks. Validated software templates for tie
common operations for data handIing and standard correction will be made Wdely
available.

3.4 Programme organization

To develop the entire system and prepare its exploitation, the partners set up a structure
which is composed of a Steering Committee, an International Users Committee and an
[ntegrated Project Team. The role of each of the entities is the following :

The Steering Committee (SC] gives guidelines concefing the development to all tie
entities which are part of the Programme :
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● it approves the mission specifications and any modification proposed by the
lntermtioml Users Committee (IUC),

● it approves the management and orgatisation plan submitted by the Integrated Project
Team (IPT) and supervises its application, receiving reports on all aspects of the Project
Management.

The Steering Committee is composed of representatives of all the partners of the
Programme. The chairman of the International Users Committee and the Programme
Scientist are observers to the SC.

The International Users Committee (lUC) represents and voices the interests of the
international communi~ of remote sensing data users in the VEGETATION Programme. It
submits specifications and technical recommendations to the Steering Committee :

●

●

●

●

●

defining the mission and products,

providing adtice to the Programme Scientist regarding modifications to the initial
specifications during the development phase,

preparing technical recommendations regarding data reception, processing, arc~ving
and distrjbutlon,

prepaxlng and mana@ng a VEGETATION Preparatow Programme to stimulate the
interest of a broader users community into the capability of the system and to prepare
the users to efficient titegration of VEGETATION data into their projects,

proposing orientations for the evolution of the Programme after the launch of the first
instrument.

The Programme Scientist ensures coordination between the IUC and the IPT and the
secretariat of the IUC. He also manages, on behalf of the lUC, the VEGETATION
Preparatory Program me.

The Integrated Project Team (IPT) is in charge of the complete follow-up of the payload and
ground segment development and its integration on SPOT 4, until the in-orbit acceptance.

● it drafts all major technical and management specifications in accordance with mission
specifications and monitors their application,

● it manages all activities concerning contracts to national industries

The . Maitre d’Oeume s for the VEGETATION Project is Centre National d“Etudes Spatiales
(CNES)

4. ORGANIZATION OF THE VEGETATION Preparatory Programme

The present Call for Proposal is part of the VEGETATION Preparatow Programme which is
led by the VEGETATION international Users Committee under =ecutive responsibility of
the Programme Scientist. The general orientations of the VEGETATION Preparato~
Programme were approved by the VEGETATION Programme Steering Committee. The total
budget for the VEGETATION Preparatow Programme is 2MECU, representing about 2% of
the total cost of the VEGETATION Programme for development of the first flight model and
Ground Segment. This budget will be devoted to specific studies that could be contracted
directly and to investigations that wili be selected through Calis for Proposals with the
objectives described above.
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4.1 RespoasibWties

Wle the Steering Committee will have to approve all actions related to it, the
VEGETATION Preparatory Programme till be executed under responsibility of the
VEGETATION Programme Scientist, with permanent parUcipation of the lUC, especially
during the phases concermng the definition of objectives of the Calls for Proposal. the
selection of investigations and the evaluation of results. The objectives of the Second Call
for Proposal wtll be defined at a later stage.

After the selection of Proposais has been made by tie lUC, the techrdcal and scientific
follow-up WI1l be the responsibility of the Programme Scientist and the IUC, and all
financial management aspects will be the responsibility of CENTRE NATIONAL D’ETUDES
SPATUES acting as the ● Maiwe d’Oeuvre Mof the VEGETATION Project.

4.2 Call for Letters of Intent

The first action of the VEGETATION Preparatow Programme was a Call for Letters of Intent
which was issued in March 94. Its objectives were to identify individuals or teams that
would be interested to participate to the Programme, to have a survey of topics that were
most frequently presented for potential investigations and to assess the need of spdfic
simulated data sets that would have to be generated by any means.

About 180 letters were received and their analysis led to establish the priorities which are
outlined in the Investigation Goals and Objectives section. The lUC envisages to select a
maximum of about 100 investigations for the entire duration of the VEGETATION
Preparatory Program me.

The need for simulated data sets appeared to be quite different depending upon tie type of
project for which an intention to submit a proposal was declared : for participation to Iarge
projects related to fields 1 & 2 of the objectives, a large majority of the letters of intent were
indicating that data sets were already existing or were part of the project, thus requiring no
specific action from the VEGETATION Preparatory Programme: for other partidpation.
mainly ljmited in space and time and related to fields 2 and 3, small sjmulated data sets
were expected from the VEGETATION Preparatory Programme.

As it was apparent from the letters of intent that the generation of data sets couId lead to a
large number of simulations that would be quite different in terms of geographical area.
pefiods (dates and length]. type of data [spectral bands. resolutions,...) no decision to
generate simulated data sets was taken. Therefore, for each proposal. the need for
simulated data sets will have to be presented in the Data Simulation Plan as described
later in Appendh A and a decision to provide the data sets or to contribute patially or
totally to their generation will be taken on a case by case basis considering the proposals
themselves.

4.3 Investigations

Investigations will be selected after this first Call for Proposal. It is planned that each
investigation should preferably be separated into two phases that should be described in
the proposals :

1. a prelaunch phase where dab sets a similar ● to those that could be provided by the
actual system will be used. During Ws phase, investigations should address all
methodological and development problems. All hypotheses and issues presented as the
objectives of the proposal should be addressed during this phase, based on the
assumptions that data sets wMch are used are representative of the actual
VEGETATION data or describing and taking into account differences between the data
sets which are used and the actual ones. Limitations to the conclusions and the
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extrapolations that could be made to assess the usefulness of VEGETATION till have to
be clearly presented.

2. a postlaunch phase, after the entire system is declared operational, where no essential
methodological or development problem should have to be addressed (except those
related to adaptation of data formats or related actions). Duting this phase, the
conclusion of the prelaunch phase should be adapted and discussed, using the results
of application of methods and procedures defined and tested in phase 1 on actual
VEGETATION data sets. The proposal should clearly present the strategy for th.ts second
phase, especially the data needs (which are not necessarily the same as for the first
phase), and the objectives and methods to be used to finally assess the usefulness of
VEGETATION products for the needs of the investigation.

No duration is imposed on the investigations during the first phase. However, the schedule
of each investigation should be adapted to provide an intermediate report on the activiues
and on preliminary results after about one year from the beginning. Longer investigations
should plan a second report some time before launch of the system where all the
conclusions of tie first phase should be presented.

For the second phase, final results are expected to be reported about one year after the
system is declared operational.

To maintain a Mgh level of communication between the Programme and the investigators
and to foster exchanges within the VEGETATION user communi~, meetings will be
organized by the [UC at several critical stages of the investigations. During these meetings,
the investigators will be informed of the latest development of the Programme and research
plans or progress reports of invesUgations till be presented. These meetings till also offer
opportunities for exchanges among the intemaUonal user community, scientific
cooperation and shartng of informaUon related to the Programme and to fields of activity
related to the mission of the Programme. The invesUgators might also use these meetings
to make heir comments on the progress of the Programme, make recommendations for
future evolution either of the first Ground Segment. of its first update or on the next system
that will follow the first one. Some specialized workshops might be established as
appropriate to address specific scienUfic or tecmcal objectives. It is envisaged to have
three to four meeUngs for each investigaUon :

● a kick-off meeting. after each selecUon is amounted : during this meeting, each
investigator team will have to present its research plan and wpected results,

● an intermediate meeUng (possibly two for lnvesUgaUons selected from Call for Proposal
# 1 that would require two years for the prelaunch phase) where investigators will
present their Intermediate Report,

. a final meeting where all the results of the two phases will be presented by the
investigators and discussed.

If appropriate, another meeting might take place after launch when the system is declared
operational where the quality of the actual system would be presented to the investigators
to prepare the beginning of the postlaunch phase.

Proceedings of the intermediate and final meetings till be published by the Programme
ScienUst and the IUC and be made available to the entire communiv. These proceedings
till be edited jointly with each Principal Investigator.

Besides. all invesUgators will be firmly encouraged to pubIish their findings in the usual
scientific and technical journals. They may also be invited to present their results in
scienUfic or technical meeUngs organized by the partners of the Programme.
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Note : travel costs of these meetings should be part of the cost plan for the proposals.

4.5 6ehedule

From the analysis of the letters of intent, the principle to have two Calls for Proposals was
retained, and the schedule of events is given in the following table:

Date Call for Proposal #1 Call for Proposal #2

July 1994 ----------------------
October 15th 1994 -----------

December 1994 ---------------

February 1995 ----------------

December 1995---------------
April 1996 ---------------------

Aprt] 1996 ---------------------

June 1996---------------------

Apfil 1997 ---------------------
June 1997 ---------------------

First Call for Propod issued
Deadline for submission of
proposals in response to First Cali
Announcement of First Set of
Selected Investigations
Beginning of First Set of
Investigations - Kickoff Meeting
----------------------------------------- .
First Intermediate Report -----------

----------------------------------------- .

First Intermediate MeeUng----------

Second intermediate Report --------
Second intermediate Meeting-------

Second Call for Proposai issued
Deadline for submission of
proposals in response to Second
CaIl
Announcement of Second Set of
Selected Investigations
Beginning of Second Set of
InvesUgaUons- Kick Off Mee~
Intermediate Report
First Intermediate Meeting

January 1998 ------------------- Beginning of Post Launch Phase
November 1998 ----------------- Finai Report
December 1998 ----------------- Final Meeting

Note : Dates for Intermediate and Finai Reports are tndicated for draft reports which will have to be
submitted before they are presented in the following mee~g.

The schedule for the postlaunch phase will possibly be adapted to the effective date at
which the VEGETATION system will de declared operational.

4.6 Fundin@

As menUoned above, the total funds available for the invesUgations is a little less than
2 MECU (from 1.6 to 1.8 MECU). The lUC and Steering Committee have recommended a
maximum of about 100 investigations retained for the two selections menUoned above. In
principle, the selected investigations will be funded with a maximum participaUon of 500A
from the VEGETATION Programme where only material, data and travel costs should be
considered (direct labor costs till not be considered).

It is also desired that funds allotted to the selected invesUgaUons are sufficient to allow for
an efficient contrtbuUon to tie objecUves of the retained projects. Proponen6 are
recommended to establish all the links they could find necessary to group similar or
related proposals and then get substantial support from the VEGETATION Preparatory
Programme. During the selection phase. the lUC reserves the right to retain much less than
50 proposals for each Call for Proposal if it is deemed necessary to increase the funding
level to some selected investigations.
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Data Costa :

As mentioned above, no decision has been taken conceting the generation and provision
of simulated data sets by the Programme. Therefore the proposal should separately and
clearly describe and ]usti@ the cost of generating the necessary simulated data sets with
the assumption that they will have to be generated as part of the investigation. This
information should be clear so that the IUC can estimate the cost of the investigation with
no data set generation if the simulated sets are generated in a centralized reamer for all
the investigations.

For actual VEGETATION data that will be used in the post launch phase. the proposal does
not have to mention costs but the actual data sets should be clearly described in terms of
product nature, area to be covered, dates of acquisition, preferred format and support.

The Data Simulation Plan and Data Cost Plan wMch must be part of the proposal as
described in Appendix A will be the basis for interaction between the Programme Scientist
and investigators with respect to simulated and other data distribution.

This Call for Proposal is open to any individual or team. with no limitation concerning
nationality, type of organisation, structure and components of the proposing team.

5.1 Numbar and organization of investigations

As mentioned above, the IUC mpects to select a maximum number of about 100
investigations, shared between the two Calls for Proposals.

It must be noted that the IUC may desire to select only part of a proposed investigation or
to propose to several investigators that Ufey merge their proposed investigations into a
single one, when WO or more proposals address similar or complementary topics and when
a joint investigation is felt more efficient. Furthermore, the IUC has the option to propose a
phased implementation for any investigation: in that case, the development could be
discontinued at the completion of the prelaunch phase.

Each proposal must designate a Principal Investigator who will be responsible for the
definition, planning and implementation of the efforts, including the quality of the scientific
and technical investigation. dissemination of results and all developments and timely
delivery of required reports.

Investigations that require more than one investigator may include CoInvestigators.
However. the Principal Investigator will be responsible for the work performed by its
CoInvestigators. Each CoInvestigator must have clearly defined responsibilities in the
definition and execution of the proposed investigation. These responsibilities should be
explicitly described and justified in the proposal.

The Principal Investigator will be the only point of contact for all contractual matters
related to the investigation.

5.2 Investigation and technical plan, managementand cost plan

The investigations should preferably be plamed to be conducted in two phases and the
investigations selected after this first Call for Proposal should begin in February 1995. to
continue with the postlaunch phase with a nominal launch date of October 1997. All
planning should be based on these dates and the investigation and technical plan,
management and cost plan as defined in Appendix A should address the activities of the
two phases, according to the objectives of each phase. as described above.

VEGETAllON preparatory bgmmmc - Cafl for PmpoA #1 - 07/21/94 pa* 12



5.9 Proposal preparation

The proposal should be prepared following the guidelines given in Appendix A. It is
required that all proposals include the Investigation and Technical Plan and the
Management/Cost Plan.

AS a large number of proposals are expected to be submitted, in order to insure fairness to
all applicants and keep wi~n the plamed schedule, the organisation and length
restrictions given in Appendix A will be swctly enforced. If a prospective investigator fails
to observe the requirements given in Appendix A, the IUC reserves the right to return the
proposal to the proponent upon receipt without further review or evaluation.

5.4 Proposal submi8aion

The proposti should be sent in 12 copies to the following address :

Institute for Remote Sensing Applications
VEGETATION International Users Committee

attention : Gilbert SAINT
Joint Research Center

1-21020 18PM (VSrese) Italy

They shotdd be received no later than October 151994.

5.5 Selection procedure and criteria

The selection will be led by the [UC. possibly with external expertise from specialized
internationally recognized mperts. The recommendation for selection and support of

. investigations will be transmitted to the Steering Committee for approval.

During the selection phase. revtewers will evaluate the scientific and technical merits of
each proposed investigation in terms of its strengths and weaknesses. The scientific and
technical merits till be evaluated prior to any cost aspects and will be considered as a first
basis for possible final selection. Costs aspects will then be analyzed taking into
consideration the availability of funds for the entire set of investigations and the balance
between the different fields.

The scientific and technical evaluation process will identt~ the best scientific and technical
proposals to meet the goals of the VEGETATION Preparatory Programme as defined above
in section 2. and to ensure that a balanced set of results is obtained and made available to
the user commurdty. It should lead to recommendations for the support of the selected
investigations by the Programme. The following criteria will be used:

1. tie relevance of the proposed investigation to the VEGETATION Preparatory Programme
specific opportunity and to its objectives,

2. the scientific and tec~cal merit of the investigation, together wtth its importance within
the objectives of the Programme,

3. the feasibility of accomplishing the proposed investigation in the context of the schedule
presented above.

4. the acceptance and proposed contribution by the Principal Investigator and any
CoInvestigator to participate to the two phases of the Programme,

5. the competence and relevant experience of the Principal Investigator and any
CoInvestigators and collaborators as an indication of their ability to caw the
investigation to a successful conclusion, including communication of results,
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6. the reputaUon and interest of the investigators institution, as measured by its
willingness to provide necessary support to complement support by the VEGETATION
Preparatory Programme to ensure that the invest.tgation can be completed satisfactorily,

7. the quality and completeness of the Management/Cost Plan ensuring realistic planning
for achievement of the different phases within the funding proposal.

5.6 Reports and publication of results

Investigators selected through this Call for Proposal will be required to provide reports and
to participate in the intermediate and final meetings. The reports will be the basis of the
presentations in the meetings. For each of these reports. a draft must be submitted to the
Programme before the meeting for publication. The IUC reserves tie tight to discuss
assumptions and results.

The final reports or results will be made available as soon as possible to the general user
community through publication in related journals or presentation at conferences.

hy publication on results related to the selected investigations should mention that they
were obtained by an investigation selected by the VEGETATION Preparatory Programme. In
the event that such publication is copyrighted, the partners of the Programme shall have a
royal~ free right under the copydght to reproduce and use such copyrighted work for their
own purposes.

Investigators selected as a result of this Call for Proposal are expected to make available to
the partners of the Programme all tec~ques developed. methods of analysis and results in
the course of their investigations in accordance with the limitations mentioned in
Appendix B.
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APPENDIX A : INSTRUCTIONS FOR PROPOW PREPARATION

A. 1 Izktroduction

Proposals submitted to the VEGETATION Preparatow Programme shouid adhere to the
following guidelines for format and ,content. While strict adherence to these guidelines is
not absolutely necessary, a uniform format is desired to aid the IUC to retiew and evaluate
strengths and weaknesses of all the proposals, with maximum fairness to all applicants.
Proposals must protide information related to all items described in this section and as
othetise specified in this Call for Proposal.

~1 proposals should contain an Investigation and Technical Plan describing the technical
aspects of the investigation and a Management/Cost Plan describing how the investigation
will be implemented. The Investigation and TecMcal Plan should include a Data
Simulation Plan where particular aspects related to data simulation techniques should be
clearly presented. The Management/Cost Plan should include a Data Cost Plan where
parUcular aspects related to data simulation costs should be clearly presented.

Proposals should be typed single space, with text in font size no smaller than 10 points.
The applicants should conform to the page limits given in the following sections.
Appendices and amexes can be added when they are felt necessaw. However. the proposal
text withfn the page limit shouid be self consistent and appendices or amexes should not
include any essential information for the evaluation of the proposal. Every effort shouid be
made to keep the proposal as brief as possible. while still providing all required
information.

Al proposais must be submitted in English, with abstracts in English and French. A
French version of the proposal may be appended. They must be submitted in 12 copies,
each copy including all the appendices and amexes even when they are not required in the
proposal format.

A.2 Proposal format and content

Ail proposals should be composed of the followtng parts :
● a cover letter,
. a title page wtth identi~ing information (1 page),
● abstract pages (2 pages).
● a table of contents.
● an investigation and technical plan (up to 20 pages),
● a management and cost plan (up to 10 pages).
● a biographical part,
● a bibliography

and possibie appendices.

A.2. 1 Cover letter

A letter or cover page should be forwarded Wth the proposal. It should be signed by the
Principal Investigator and an official of the Principal Investigator’s orga~sation who is
authorized to commit the orgatiation to the contents and implementation of the proposal.
In case of a Coinvestigator, it is the responsibili~ of the Principal Investigator to ensure the
commitments of CoInvestigator’s organizations. This cover letter should include the name
and address of the organizations authorizing official.
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A.2.2 Title page (one page)

A title page should include all necessary information to identifi the proposal :
●

●

●

●

●

●

●

It iS

fioposal Title fbtief and descriptive),
Me of Proposal
Wncipal Investigator name. address, telephone and fax numbers, email address,
Names of all CoInvestigators, with their organizaUons, addresses, telephone and fax
numbers. email addresses,
Total proposed budget of the proposal, showing yew by year and total requests,
Costs for simulated data generation, shoting year by year and total requests,
References to parallel or related proposals to the VEGETATION Preparatory
Programme.

required that proponents follow the title page format given in appendix C.

A.2.9 Abstract pages (2 pages)

It should contain keywords that could be used to index the proposal and one page
abstracts summarizing the objectives, scientific and tec~cal approach and anticipated
results. English and French abstracts are required (one page each). The abstracts should
contain a simple, concise overview of the investigation, its conduct. the expected results
and their relevance to the VEGETATION Preparatow Programme goals and objectives. It is
very important that these abstracts be specific and accurately represent the proposed
research.

A.2.4 Table of Contents

The table of contents should clearly indicate page numbers of all the major sections of the
proposal, including the Data Simulation Plan. the Data Cost Plan and the Cost Plan.

A.2.5 Investigation and Technical Plan ( up to 20 pages)

The Investigation and Techrdcal Plan should contain a detailed statement of the
investigation to be undertaken and should describe objectives. scientific and technical
justification, technical approaches and expected slgrdfjcance of the work.

w~td objectives :

The proposal should identi~ and detail its contribution to each of its fields of relevance
among the fields listed in section 2.

A brief description of the scientific and technical objectives and their relationship to past
efforts and the current state of the art should be provided. The scientific rationale for the
proposed investigation should be clearly established through reference to existing scientific

and technical literature and other publications. The proposed investigation should be
defined in relation to tie current state of the art and to the specific objectives of the
VEGETATION mission. Proponents are encouraged to define explicit hypotheses that will
be tested and evaluated by the proposed investigation.

Approach

The concept of the investigation should be clearly stated and the methods to be employed
in data analysis and interpretation results should be presented. The data analysis should
be clearly related to one of the following categories :

VEGETAllON %eparatory Progmmmc - Call for Proposal U1 - 07/21/94 pa= 16



1.

2.

3.

4.

application of proven techrdques for analyzing multispectral, multitemporal or
multiscale data to a new problem or a new geograpMcal area including VEGETATION
data,
extrapolation of conventional methods that are already used on data sets which are
similar to VEGETATION data sets and possible other sensors data sets,
development of new procedures or techniques for handling and analysis of
multispectral. multitemporal or multi scale dab acquired by VEGETATION and
possible sensors,
development for procedures or techniques specifically adapted to the new features of
VEGETATION.

Expertrnentai and Work Plan

The general plan of research should be outlined, experimental methods and procedures to
be undertaken should be described in sufficient detail for the lUC to adequately assess
their contribution to the scientific and techrdcal approach.

The overall methodolow and sequence of key points of the investigation should be
presented in detail, including descxlption of plans for each of the two phases (prelaunch
and post launch) and the relationships between these two.

Data Si*twn Ph :

The Investigation and Technical Plan must include a special section on data sets
generation for the preIaunch phase : the data sets that WIII be used must be described and
their representattvtty as VEGETATION simulated data sets should be justified, taking into
account the specific objectives of the proposal. Any limitation to the interpretation of these
data sets and to the extrapolation to the interpretation of actual VEGETATION data should
be clearly identified and related to the structure of experimental plans for the prelaunch
and postlaunch phases.

Specific requirements that would have to be taken into account should tie simulated data
sets be generated under the responsibility of the lUC, must be clearly stated in that
section.

For actual VEG~ATION data that will be used in the post launch phase, the proposal
should clearly describe the data sets in terms of product nature, area to be covered, dates
of acquisition, preferred format and support.

Anticipated results :

As far as possible, the expected outcome of the investigation should be presented, with
specific formulation for each of the two phases. The significance and implication of these
results to related projects which are important for the future use of the VEGETATION
Programme should be discussed.

Significance of the investigation :

The significance of the proposed investlgatton should be defined in terms of its
relationships wtth earlier studies and of tie implication of its anticipated results. The
proposal should attempt to characterize the degree of innovation associated with the
objectives or approach and the impact of using VEGETATION data on its anticipated
results.
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A.2.8 Management md Co8t - (up to 10 pqe9)

Management Plan:

The Management Plan sets forth the investigator’s approach for e~ciently managing the
work. recogrdzlng essential management functions and effectively integrating these
functions in the overall execution of the investigation. The Management Plan should give
insight into the orgardzation proposed for the work. including the internal operations and
lines of authority wtth delegations, together with internal operations and relationships with
the [UC or Programme Scientist, subcontractors or associated investigators. Likewise the
Management Plan should reflect vafious schedules necessa~ for the logical and timely
pursuit of the work, accompanied by a description of the Principal Investigator’s work plan
and the responsibilities of the CoInvestigators if any. Roles and responsibilities of all
investigators and collaborators must be adequately described.

All major facilities and equipment essential to the proposed investigation should be
indicated, including those of the investigator’s contractors. Existing equipment should be
explicitly differentiated from facilities that will be developed to Implement the investigation.
Procurement schedules and lead time for the acquisition and installaUon of new equipment
and/or faciliUes should also be indjcated. The development of new equipment and facilities
will be strtctly limited to the support required to fulfill the VEGETATION Preparatory
Programme objecUves.

cost Plan

The Cost Plan should summarize the total invesUgaUon cost by major categories of cost as
well as by function. It must be broken down into the following categories that apply :
supplies and materials, equipments, computer Ume, services. publication costs.
communications, travel and other cost items to be detailed. While salartes and wages till
not be considered dufing the selection to determine the level of funding by the
VEGE’TATIONPreparatory Programme, associated costs could be indicated briefly as they
give indications on the willingness of the proposing organtsations to cent.rlbute to the
Programme.

Each catego~ should be detailed and explained. Equipment purchases should specify the
type of equipment. number of urdts and unit cost. Travel expenses should give the
estimated number of trips. destinaUons. duraUon. purpose. number and role of travelers,
anticipated dates.

The Cost Plan should menUon the cost of attending the intermediates) and final meetings,
with the assumpUon that they will take place in Europe.

The Cost Plan should list other sources of funding and their scheduling for any aspect of
the invesUgaUon.

A particular section of the Cost Plan should be the Data Cost Plan where all the costs
related to the generaUon of simulated data sets justified in the lnvesUgation and Technical
Plan should be deta~led clearly enough for the IUC to evaluate the cost of the invesUgaUon
under each of the two following assumptions :

● the simulated data sets are generated under responsibility of the Principal
InvesUgator as part of the investigation

● or the simulated data sets are generated under the responsibility of the lUC and -
provided for reproduction costs to the PrincipaJ Investigator.

The Cost Plan should present separate schedules for each year and for the above
categories. Any detail giving insight to the breakdow of costs will be appreciated,
especially to allocate expenses to the Pfincipal InvesUgator’s and ColnvesUgator’s activities,
ancillary data sets to be acquired, data analysis and processing, -possible field studies...
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A.2,7 BiO~phie8

Btief resumes (one page maximum for each) of all named investigators and collaborators
should be enclosed. They should include a list of scientific or technical contributions made
in the last SR years and a list of the five most significant pubhcations.

A2.8 Bibliography

A bibliography related to the invesUgation should be attached, limited to the most
significant pubhcatlons which are relevant to the proposed investigation.
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APPENDIX B : PROPOSAL EVALUATION AND SELECTION

B. 1 Tentative selection, phased development, partisl selection, selection with
discussion

By submitting a proposal, the investigator and hfs organisation agrees that tie IUC has the
option to make a tentative selection pending a successful feasibili~ or definition study of
the proposed investigation. especially related to limitations in data availability (either
simulated or actual data), and, in addition, upon confirmation of the availabili~ of
adequate support of other sources of funding indicated in the Cost Plan. Furthermore. the
IUC has the option to recommend a contract in phases for implementation of a proposed
investigation and to discontinue the development of an investigation effort at the
completion of any phase.

The investigator should also understand that the lUC may desire to select only a porUon of
the proposed investigation in which case the investigator will be given the opportunity to
accept or decline such patial acceptance. In cases where two or more proposals address
similar or complemental problems and/or adopt similar approaches to data analysis, the
IUC may recommend to join the participation on part or total of two or more proponents
into a single investigation proposal. In that case, when joint participation With other
investigators is agreed to, a single individual will be designated as the Principal
Investigator for the investigator group.

The VEGETATIONProgramme reserves the right to reject any proposal received in response
to this Call for Proposal that would not be compatible or related to the objectives of the
VEGETATION Preparatory Programme. Notice is also given of the possibility that any
selection may be made either without discussion or after limited discussion with the
proponents.

B.2 Evaluation snd selection procedures

Al proposals received by the IUC jn response to this Call for Proposal will be initially
screened to determine the relevance to the objectives of the VEGETATION Preparatory
Programme and to determine if they conform to the Inswctions for proposal preparation.
Proposals considered to be unresponsive to the stated objectives of the Call for Proposal
will be returned to their author as soon as possjbIe Wth a written explanation of the
decision. They will not be considered further for the selection of proposals in response to
this Call for Proposal.

The proposals considered to be responsive to the objectives of the Call for Proposal will be
reviewed by the VEGHATION International Users Committee which could ask
participation of individuals with widely recognized expertise in the scientific and technical
fields covered by the VEGETATION mission. The purpose of this review will be to evaluate
the scientific and technical merits of each proposal in terms of its shengths and its
weaknesses, rating each evaluation criterion given in section 6.5.

Proposals hating scientific merit will be reviewed to determine their technical feasibility
and compatibili~ with the overall VEGETATION Programme.

Finally. the financial constraints will be included in the selection procedure. balancing the
retained investigations as indjcated above. taking into account the objectives of the
VEGETATIONPreparatory Programme, the specific fields which are are defined for this Call
for Proposal and the necessity to insure adequate funding support to the most interesting
investigations.
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B.3 Traatment of proposal data

B.3. 1 Commercial and Finaneiel data

The commercial and financial data included in the proposals submitted in response to tis
Call for Proposal wII1ordy be used for evaluation purposes. Where it is the practice of a
Prtncipal Investigator or of MS proposed subcontractors to treat certain commercial and
financial data as a trade secret and such data. is protectable as a trade secret under law,
he may apply the Notice of the next section to those portions to be maintained as a trade
secret.

In any event, commercial and financial data submitted in a proposal will be protected to
the extent permitted under the law, either as a properly noticed trade secret, or as a
commercial or financial information received from a person and considered as cotidential
or privileged.

B.3.2 Teehxdcd data

The technical data contained in any proposal submitted to this Call for Proposal will be
used ordy for evaluation purposes. Where any such technical data constitutes a trade
secret under the law and the proponent or his potential subcontractor desires to maintain
trade secret rights in such technical data, the following Notice must be affixed to the cover
sheet of the proposal speci~ng the pages of the proposal wtich contain trade secrets to be
restricted in accordance with the conditions of the Notice. Technical dab Iabelled in this
fashion w1l be protected as a Wade secret. CENTRE NATIONAL DETUDES SPATIALES,
acting as the Maitre d’Oeume of the VEGETATION Programme or any other partner of the
Programme will assume no liability for use or disclosure of any proposal technical data to
which the Notice would not have been applied.

Notice:

Data on pages... OJthis proposal constitute a trade secret. It is (are)finished in confidence
with the understanding that it will not. without permission of the proponent. be used or
disclosed other than for evaluation purposes. In the event a contract is awarded on the basis
of this proposal CNES. acting as the Maitre d’Oeuvre of the WGETATfON Prograrnrne my
obtain, in thecontract, additional rights to use and discbse this data.

B.4 Invention and data rights

Within the implementation of an investigation selected under this Call for Proposal. the
Principal Investigator will be required to inform the Maitre d’Oeuvre (CENTRE NATIONAL
D’ETUDES SPATIALES)within eight days of any patent or model request deposited for the
protection of inventtons which may result from the work performed.

Whenever the Principal Investigator may decide not to deposit such a patent or model
request, CENTRE NATIONAL D“ETUDES SPATIALES as the Maitre d’Oeuvre of the
VEGETATION Programme resemes the right to do so and, if so, in agreement with its
partners of the Programme.

The Principal Investigator is required to grant the partners of the VEGETATIONProgramme
a royalty-free license to use patents and models deposited as a result from the work
performed within investigations selected after this Call for Proposal. provided he is free to
do so and no major interest opposes to it.
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I. INTRODUCTION

The VEGETATION mission was defined to fi.dfill objectives which were
desctibed in (Ref. 4), detailed specifications derived from this definition being given
in (Ref. 7). During the first meeting of the User’s Committee in Brussels on
11/05/92 ~ef. 6), particular recommendations were given by the participants to
define the products of the system:

1. the ground systems protiding the VEG~ATION diKerent levels of products
should complement the onboard insfiments to provide to end-users the
operational service which was initially defined as being one of the key aspects
of this mission, They must provide continuity of the service on a long lifetime
to be coherent with the planned uses (Ref. 7), especially monitoring of vegetation
areas, both for production estimates and for studies related to interaction
between the biosphere and the climate changes.

2. as many projects are now existing which will be important users of the system,
strong interaction and coordination with these projects or with entities which are
being set up to facilitate their realization must be provided in the first stages of
definition and implementation :

● the definition of products, either in terms of levels or for the algorithms to be
applied for data processing, should be based on the needs of the existing
projects or, when possible, on existing specifications of similar products, as
soon as these definitions are wtdely accepted in the community of the
potential users. Among existing projects, specifications designed by IGBP
(Ref. 5) or by the international expert group of the Sahara Sahel Obsematory
(Ref. 8) should be the basis for detailed product definition. Other aspects on
archiving consideration should also be based on work done for the definition
of a number of data base systems dedicated to remote sensing data, for
example a study done for the Centre Pilote d’Etude Spatiale de la Biosphere
Africaine (CEPESBA, Ref. 9)

s coordination with these projects for specjfic and adapted processing must be
taken into account as soon as possible, either to provide better products
suited to particular uses or to prepare, within the ground system itself, data
sets or ancillary data that *I1 allow more efficient uses of the VEGETATION
data.

s finally, to benefit from developing centers for archiving or data processing,
creation of Specialized Processing Centers for particular products should be
envisaged to optimize the task that should be undertaken by the
VEGETATION ground system.

3. to fully benefit from the simultaneity of high spatial resolution ad high
frequency measurements provided by the HRVIR and VEGETATION instruments,
adapted products to facilitate coherent use of both data types should be
designed,

The following description of the products specifications should provide the
capability for the entire VEGETATION system to ensure adequate service to the
different types of users, building on existing knowledge and projects for the data to
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be integrated as soon as possible (witiin 3 to 4 months after SPOT 4 launch) in the
global and regional data sets made available to the communi~.

During 1993, the Intemationd Users Committee set up a joint Working
Group with the Integrated Project Team to refine and detail the definition of the
products. The p@cipation of the IPT insured realistic assumptions about the
capabilities of the system and a clear understanding of product definition and
operational constraints. The conclusions of this working group were presented to
the IUC on Jan 24” 1994 and the generaI definition was approved. A survey on
potential users of the VEGETATION system was performed during Januw 1994:
using the preliminary results of this survey, the most probable ch=actenstics of
requests as well as firther details on the products themselves could be obtained
and included in version 1. The general principles which had been defined in 1993
were confirmed and some new aspects were introduced :

. the products available from the VEGETATION system Ground Segment should
be specifically designed for the use in studies on vegetation, providing as
much coherence as possible with other data sets commonly used in these
studies. The capability to adapt to important projects and to allow some
evolution of the products delivered to users was agtin emphasized,

● the specifications apply to the data processing segment which is connected to
the onboard system but are not mandatory for secondary receiving stations
that will also have the capability to preprocess and deliver different products
to users. However, it is strongly recommended that these secondary stations
as well as other entities that would process VEGETATION data, be as much
as possible coherent with the definition or algorithms proposed here, to
ensure a wider use of these data, allowing comparisons, both for different
regions and at different times. System parameters which are necessary for
some of the corrections should be made available through proper
arrangements.

● other possible data sets will not be made available as current products but
some capabilities to provide them, especially for raw data sets, should be
retained (for example under special agreement between the Ground
Processing entity and users).

The System Concept Review held in Toulouse in April 1994 made some
recommendations on the product definition which were included for a more detdled
description of the different product levels.

This document is organized in two main sections : the first one presents the
general structure of the products, with as much as possible justification or
explanation of the choice of these products. The second section lists the
specifications that should apply to the VEGETATION products.
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II. W FUNCTIONS and OVEWL ORGANIZATION

Four main functions have to be provided by the data processing segment to
satis~ the generaI definition of the mission. ~ese functions are the following:

. the generation and maintenance of a Core Archive which con~ns all the data
received from the instrument system as well as the minimum ancillary data
which are necessary to preprocess the raw data,

● the generation of enhanced products at different levels, both as basic products
that should be made widely available and as particular products or information
data sets that should be adapted to important projects,

. the maintenance of a catalogue of existing data, accessed through easy
communication means to the users, to provide timely information on data
availability and quality,

● the contacts with the users and projects to facilitate the use of VEGETATION
products and the development of enhanced or new products, taking into account
both the evolution of the needs of the community and the increasing capability to
correct raw data for system or observational effects and to extract new
information.

A GENERATION OF A “CORE ARCHIVE”

The basis for any other product generation is the data set composed of the
original raw VEG~ATION data as received from the pnm~ receiving station and
of all the system data which must be attached to the image data : calibration
inforrnations, geome~c information on viewing conditions, location and datation of
the images...

To allow further preprocessing steps, any information that could be used to
characterize the conditions in which the data were acquired should be added and
registered to the image and system data. Taking into account the efisting
knowledge and predicting what could be possibly done in the 10 or 15 years, the
minimum set of ancillary data that should be appended to the image and system
data is the following :

● topography information, using avtilable digital terrtin models with a resolution
both in the horizontal plane and on the elevation which is compatible with the
spatial resolution of VEGETATION and the needed accuracy both for accurate
location of pixels and atmospheric corrections for constant gases absorption and
Rayleigh scattering (Refs 1, 2). A possible model is ETOP05 from NOAA/NGDC,
but digitd model under development should also be considered. The needed
spatial resolution is about Ikm while the elevation resolution is of the order of
hundred meters.

The topography information could and will most probably be used as information
on slope and orientation of terrain for further corrections to take into account
variations of sun illumination. In that case, the appropriate information might
not be derived directly from the same topography model but from other sources
more adapted to the estimation of slope and orientation for such a spatial
resolution.
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. atmospheric con~tions information : from present knowledge, the minimum
information that should be provided is the standard climatic tables for ozone and
water vapour concentration, aerosol opticaJ depth with seasonal dependence. It
must be noted that as research work is being done on the atmospheric
corrections, other information might be desired for future corrections : for
example, distribution of water vapour derived from meteorological models or
aerosol distribution measured from photometers networks. The use of these
descriptions, which have to be updated regularly, will increase both the workload
of the system (establish links with other centers for reception of the relevant
data) and the volume of data to be archived. Ancillary data needed for an
atmospheric correction using the expenmen~ blue band should also be
considered.

● other information : TBD

These data sets are not corrected but only annotated with all the information
(system and other) that would be necessw for correction. Then, the geometric
structure of this data set is identical to the raw data geometric structure and related
to instrument viewing properties. No data should be deleted, for example data
acquired on the same geographic location on the same day due to the overlap
between successive orbits should be kept entirely.

To indicate the relevance of each measurement, a “status image” should be
computed and added to the data : for each pixel of raw data, it should indicate a
general catego~ in the following set : cloud, snow/ice, water, land.

This Core Archive data set must be considered as the most basic data set of
the system and archived from the be@nning of the operational life with no limit
concerning duration.

This data set is not made available to users, except under speciaJ agreement
and for volumes that would have to fit the possibilities of the Ground Segment
system.

B. GENE~TION OF E~CED PRODUCTS

From the Core Archive, enhanced data products can be derived at different
levels with increasing processing complexity and/or information synthesis. They
have to be defined from characteristics which are common to many potential users
to offer basic general products. Adapted data sets, either image or ancillary
information data, should be made av~lable to dedicated projects: interaction for the
definition of these adapted products should also lead to the possible creation of
Specialized Processing Centers, embedded or not in the projects, with particular
connections to the data processing segment.

Two levels of enhanced products can now be defined, corresponding to the
existing needs of potential users :

● VGT- P products correspond to data which will be most] y used by physicists
for methodological development that could be embedded into applications
using VEGETATION data.

Vegetation: products spcc~cations - version2- 05/ 18/94 - page 4



Q VGT-S products where some synthesis is applied on the “Core Archive” data
to provide ground reflectance as well as some simply derived parameters.

In general, the products will be requested in advance, for selected areas and
periods : users will require to be sent every data set acquired or generated on a
regular basis. This characteristic is quite specific to the VEGETATION system for
which very few requests will be done a psteriori using a catdogue of available data.
However, the Integrated Project Team should take into account that some time will
be needed after the launch of the system so that the users get acquainted with its
capabilities and quali~ : the volumes given below for the different product levels are
volumes that should be requested fier this adaptation phase, which could last
about one year.

1. VGT - P products :

Designed to be used by physicists, they can be defined as data that would
have been acquired by an ● ideaI system ● . The distortions due to the system itself
should be corrected to provide a product on which mission quali~ specifications
apply (radiometry and geome~). The quantities which are provided are
standardized to constant sun illumination on top of the atmosphere and will be
scaled to equivalent Top of Atmosphere reflectance.

They must provide direct capability of registration be~een VEGETATION
images acquired at different dates and between VEGETATION and HRVIR acquired
simultaneously by instruments which are both on the same satellite, with the
accuracy specified in the mission specifications.

The processing system should be able to process requests from the users giving:

1. the geographical location of their zone of interest,

2. the geographic projection to be used, selected among a set of avdlable
projections.

Data provided in return will consist of entire lines acquired on an orbital
segment necessary to cover the geographical zone.

2. VGT - S products :

VGT-S products take into account some synthesis capability between
successive orbits, either on the same day or on different days : from the “Core
Archive”, data can be processed to extract the best possible measurement for a
given period following carefully chosen criteria. Taking into account the etisting
uses of NOAA-AVHRR data and the definition of data used by projects, two types of
standard products can be defined :

● a daily synthesis (VGT-DS), with ground reflectance and NDVI computed from
the ground reflectance (this type of synthesis only takes into account multiple
measurements obtained through the overlap between successive passes at high
latitudes),

● a 10 day period synthesis (VGT-PS) similar to the composites already computed
from NOM-AVHRR data.
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Both standard products are globaJ on land and should be processed to
provide a standard geometric sampling preseting the lkm raw data resolution. The
cartographic projections to be used for that product should provide as much
coherence as possible with projections generally used either at regional or at global
level.

Synthesis should be done through selection of the best measurement
acquired during one day or one decade : the most commonly used method is the
maximum composite value selection which retains the measurement corresponding
to the highest NDVI value computed on top of atmosphere reflectance. This
selection method tends to decrease atmospheric condition influence and appears to
be the best known method to get rid of the worst atmospheric conditions, but
ground directional effects are not taken into account (Ref. 10). The compositing
methods will have to be reviewed and updated as new methodologies are validated,
especially when direction effects can be modelled and integrated into the
composition technique.

As these products will most certainly be the most frequently required product,
even for retrospective studies, they both should be archived in a ● Global Archive D.

During a transition phase (18 months to 2 years), degraded resolution
products should be made available while users are developping their own capacity
to handle the VEGETATION data sets.

The processing system should be able to process requests from the users
giving:

1. the spectral bands (including known indices, NDVI at the beginning that
should be included in the product,

2. the geographical location of their zone of interest,

3. the geographic projection to be used, selected among the set of available
projections.

C. CATALOGUE INFORMATIONS

The catalogue should be organized so that users could have some on line
access to

● information on existing data, their level of processing, their quality,

. an interactive display of the status image of each of these data with browsing
capabili~,

● for the global 10-day synthesis, a status image should present for each pixel
its current status : valid ground measurement or still cloudy or with “bad”
atmospheric conditions in the current period (TBD),

. an indication of available HRVIR images (to be studied and defined with
SPOT Image),
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● the ordering system as well as information of the status of the processing of
their orders.

To provide these capabilities, different solutions might be developed and
implemented, from a plain text catalog to a fully graphic catalog, with quick look
images, full references to both WGETATION data and High Resolution images...
Taking into account the type of request which will most frequently be done a ptiori
the users will not in general need a fill graphic display of images in real or near real
time. The development of a highly sophisticated graphic catalog should probably not
be a priority for the system, except if the need for real time information on the VGT-
PS is needed for users that would like to order the product before the end of the
period if a su~cient portion of their area is cloud free.

A periodic edition of a cataIog of quick look images (similar to VGT-PS4 or PS8
for sampling with full information on quality and cloudiness) must be implemented
for historical studies. This catalog should be available on a support like CDROM for
easy handling.

D. CONTACTSWITH USERS AND PROJECTS

A close contact between the VEGETATION data processing segment and its
users should be provided to ensure the full use of the system capabilities.

1. Evolution of product nature and quality

During the study for the definition of a stand=d processing system for 0SS
~ef. 8). a recommendation was given from the beginning on the need to allow
evolution of the processing methods applied to the data : while providing some
con~y of the service, it is essential that the data processing segment be able to
integrate newly developed and validated methocis for data correction. These
methods will be developed by the users community, either from experience gained
on the VEGETATION data themselves or from experiments on other sensors : for
example, some enhanced methods to address directional effects should come from
the use of the POLDER sensor onboard ADEOS (launch in 95) as well as from the
sensors that will be available onboard the EOS systems (MODIS, MISR...). & it is
known that the proposed processing algorithms do not fully correct or take into
account for atmospheric or directional effects, any evolution of the system that will
allow a better use of the VEGETATION data should be integrated into the system.

Two particular enhancements should be available and implemented some
years after the beginning of VEGETATION acquisitions :

. on atmospheric corrections: it is expected that the experimental blue band will
ailow development of new algorithms for evaluation of aerosol effects on the other
spectral measurements. From ongoing studies and possibly from the use of other
sensors, ground measurements (photometers ne~orks) or atmospheric
circulation models could also provide new ancillary information that should be
included into the “Core Archive”.

● on directional effects: these effects can be seen as noise affecting the signal or as
possible source of new information on the nature of the ground cover, m
VEGETATION will provide measurements taken with different viewing and solar
geometry on short periods of time ( one day for high latitudes or some days for
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tropical zones when atmospheric conditions are good), any new algorithm
allowing either the correction of these effects, especially for the 10-day synthesis
of the “Global Archive”, or the definition of a new product where measurements
acquired with different viewing conditions would be the basis for new
information, should be taken into account and considered for possible
implementation.

The same evolution capability should dso be provided for the nature of
support of the products : the standard supports are evolving very rapidly, with
increased capacity which will be more adapted to tie volume of data generated by
the VEG~ATION system. Connections through international public networks will
also see large increase in their capaci~ which will be able to ensure timely
distribution of the products, especially for projects requesting frequent and high
volume data sets.

3. “Non-data” products

As in all the other systems involving distribution of large volume data sets,
data access and processing is generally time consuming, both during the
development and operational phases. To facilitate the use of VEGETATION data,
methods and standard sofware (for the most common computer systems) should be
made available to users, projects, Specialized Processing Centers and the secondary
receiving stations Ref. 9). The knowledge which will be accumulated during the
development phase and by users of the data sets should be referenced to allow
exchanges both between the data processing segments and its users and betieen
users.

E. OVEWL ORGANIZATION

The relationships bemeen the different levels of products and the access that
should be provided to users are presented in Figure 1. The general characteristics
presented above show the central role of the two archives : the “Core Archive” from
which any other data set is derived and the “Global Archive” which stores the
enhanced data that should be the most widely requested.

The “Core Archive” will be the basis for the entire system as well as for
scientific uses dealing with basic properties of the VEGETATION measurements.

The “Global Archive” will be the focus product of the entire
VEGETATION system : the first priority for the data processing segment
development should be to provide the easiest access to that product, both for a
ptiori requests and for a posteri.oti requests through the catalogue (browsing
capabili~), and ensure the best quality control both on product generation and on
distribution through adapted means.
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III. PRODUCT SPECIFICATION

The above products are defined in terms of algorithms that should be applied
for correction, nature and format of the data sets, volume and delivery time that
should be provided as well as requesting information that would be used as controls
for processing.

A. INPUT DATA FROM THE VEGETATION ONBO- SYSTEM

The input to the VEGETATION data processing segment will come from the
onboard system and the Vegetation Control Center. They must be :

● the four spectral bands measurements with proper reference data on acquisition
time [time of measurement) ...

s satellite characteristics : orbit parameters for determination of position and
attitude, instrument parameters for geome~c location ...

● calibration coefficients for the four channels and all detectors

B. VGT - P PRODUCT :

The input system data will be processed using ancillary data necessary for
radiometric and geometric corrections and annotation of the data set. The ancillary
data include both system information and external information as described
below.

The quality of VGT-P data must meet the specl>atwns given for the mission
(Re$ 7)

The output data will correspond to the entire lines of the orbital segment
which is necessq to overlap the geographical area requested by the user.

1 Radiometric corrections

Calibration information will be used to correct for detector normalization,
absolute calibration and output values will be linearly related to equivalent ~Top of
the Atmosphere ● reflectance. The linear relationship should use a null offset and a
spectrally constant scaling factor allowing direct comparison beWeen spectral
reflectance. The quantization error should be coherent with the specified Noise
Equivalent Reflectance. No saturation should be found at least for the specified
ranges for each spectraJ band and, if possible, reflectance higher than the
mtimum specified range should be coded even if the radiometric quality does not
meet the radiometric specifications.

Missing measurements should be corrected or indicated as follows :

1. interpolation using the mean value of their two neighbors should be
used on the blind detectors jn the SWIR spectral band,

2. identified ● false detectors ● in the VIS-NIR spectral bands should be
interpolated the same way,
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3. lost lines should not be replaced through interpolation,

4. interpolated and cmissing ● measurements should be flagged in the
status map.

2 Geometric corrections

Ml pixels should be resarnpled onto a regular grid, taking into account :

1. spectral band registration,

2. satellite location and attitude correction (ground control points should be
used if necess~ to ensure the specified accuracy at mission level)

3. terrain elevation [from available global DigitaJ Elevation Model, ETOP05
TBD) to take into account parallax distortion and provide orthoimages.

The regular grid should be defined using a small set of projections (1O to 12
TBD), for either glob~ or regional mapping. It is however essential that the set of
projections chosen for the VGT-P products be compatible with the set of
projections available for SPOT high resolution images to ensure direct
registration between VEGETATION and HRVIR data.

A final 1km resampling grid is required when the projection is adapted to
such regular sampiing.

3 Status map

A status map will be provided with the images, indicating for each pixel one of
the following cover classes at the time of acquisition:

1. land or water (sea, lakes...) : it could be obtained from location
information and reference maps,

2. snow, ice or cloud : they should be obtained at first from the spectral
information. As complemen~ studies are necessary for a detailed
definition of the algorithms, provisions should be made during the
development of the ground segment to introduce methods that could be
obtained through specific studies performed as part of the VEG~ATION
Preparatory Programme. Wo approaches could be entisaged :

● to use existing threshold algorithms adapted to the av~lable spectral
bands.

● to use seasonal statistics on spectral measurements as a basis for
theshold definition. These statistics should come either from analysis
of NOAA-AVHRR data or from the first year of exploitation of
VEGETATION data.

me capability to use cloud cover maps derived by meteorological services
should aJsobe studied.

It is important that a minimum valid information on declared cloudy pixels be
included in the situation map : existing algorithms should be adapted to provide the
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Ieast percentage of pixels flagged as cloudy while they actually are not, even if some
proportion of actually cloudy pixels are not flagged. The performance of such
algorithms should be discussed with the IUC for approval.

Indication of interpolated, lost pixels or lines should be part of the status
map, even when it is spectrally dependant.

4 Ancillary data

The following information will be provided :

system tiformation

1. methods and data to associate to each pixel its location and acquisition
time as well as geometry of acquisition (solar zenith artd azimuth angles,
vtewing zenith and azimuth angles, with an accuracy of around 1 to 2°)

2. reference to actual absolute calibration parameters used to allow reverse
correction assuming the correction is linear.

atmosphere informatwn

The standard correction method for all VEG~ATION products will be based on
SMAC (see Ref 12). Then, all necessary data for application of SMAC should be
appended as ancillary data :

1.vertically integrated gaseous contents for water vapor and ozone,

2. aerosol optical depth at 550nm,

The IUC and Integrated Project Team together will analyze the capabilities of
existing meteorological systems to protide these data coherently with the
delivery time specified for each level of product. The sampling of these data will
be adapted to existing data sets and coherent with other grids giving different
type of ancillary information (geometic conditions...) : a typical sampling size
would be of the order of 0.5° or a regular grid of 50 km or less spacing. In the
case where actual values are not available in time for inclusion in the data flow
during the operations, assumptions on values that should be used will be
infemed from climatological tables.

The Integrated Project Team should make provision for evolution of the system
taking into account possible use of

1. the blue band from which information on aerosols effects could be
extracted. The blue band could be used for computation of the aerosol
optical depth at 550nm or a standard aIgorithm to infer aerosol effects from
the blue measurements could be indicated.

2. measurements acquired by regional networks for the determination of
atmospheric properties. As some of the most important regions for the
mission of VEGETATION will be covered by such atmospheric parameters
estimates, this capability should be incorporated even if it cannot be made
on a global basis.
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topography information

the Ground Segment should at least indicate a reference to the elevation
information data set that will be used for the geometric corrections. The users
will then have the capability to retrieve topographic information from the
known location of each pixel.

5 Elements for product request

To order a particular VGT-P product, users should have to speci~ (directly or
via the interaction with a catalog) the following elements :

1. date and reference to the orbit path from which data should be obtained,

2. the geographic location of their zone of interest. If it is necessary to simplify
the project development, the requested zone could have to be composed of
an integer number of predefine 10OOX10OOkm2scenes, but the image data
should be ~anged into only one image.

3. the geographic projection to be used, selected among the set of available
projections.

No capability to deliver products containing only a subset of the original
spectral bands collection and ancillary information should be made available.

6 Data volume and delay requests

The estimate of the volume of data to be distributed each day is corresponding
to

● around 2 global land coverage per day for a PW requests with a delivery
time of 2 to 4 days tier acquisition,

● around 1 global land coverage for a posterioti requests, with a delivery
time of about 1 week after the request.

NOTE : some areas might be requested several times while others would be
requested only once.

For these products, as they will be mostly used for methodological
development on a regional basis, the ~ical size of the area which will be requested
by a particular user is between 10” and 2510’ km’.

C. VGT - S PRODU~S :

Level 3 products are extracted from the “Global Archive”, either for the daily
or decade data set.

The daily synthesis (VGT-DS) is computed from the different passes of one
day on each location, each pass corresponding for high latitudes to different viewing
angles.
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The decade synthesis (VGT-PS) is computed from all the passes on each
location acquired during 10 day periods. The periods will be defined according to
the legal calendar : from 1st to 10th, from 1lth to 20th, from 21st to the end of
each month.

The quality of these products will be derived directly from the quality of VGT-
PS products, so no particular new specification is given for them.

At this stage, synthesis between different passes must be performed selecting
the best measurement of the period defined from the following criteria :

1. it should not correspond to a blind or interpolated pixel,

2. it should not be flagged as cloudy in the status map (snow covered pixels
are considered as cmdidates for the selection),

3. it should correspond to the highest value of Top of Atmosphere NDVI.
However some other choices should be considered for later decision by the
IUC : either the highest sun illumination or the closest to nadir.

The IPT must consider the capability to change to a better selection procedure
or algorithm, but most probably change will occur only after 18 months to 2
years of operation of the VEGETATION system (experiments and wide
approval by the user communi~)

1. Full resolution products

for each pixei

1. ground surface reflectance in the four spectral bands corresponding to the
selected measurement, the atmospheric correction being performed using
the annotations of VGT-P corresponding data and SMAC procedure
(Ref. 12),

2. Normalized Difference Vegetation Index. This should be considered as a
first example of a widely accepted surface parameter, and capabilities to
include other quantities derived from surface reflectance should be
preserved in the system. However, the definition of such new parameter will
most probably not be available before some exploitation of the
VEGETATION system itself.

3. geometric viewing conditions (similar to VGT-P product but it must be
indicated for each pixel),

4. reference to date and time of selected measurement,

5. information on the composite status map.

for each data set

. references of all corrections applied for calibration, atmospheric correction
and geometric processing.
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The geometric projections should be taken in the same set as for the VGT-P
products.

However, to reduce the amount of processing to adapt the projection to any
request, it could be envisaged to choose one projection as the basic global projection
from which all the other projections would be recomputed. me basic projection
should then be a Plate Carree projection leading to a sampling interval of 1km at
the equator. ~is basic projection will be made available as a product to users, as
well as derived products that will be obtained with different projections, through
resampling using nearest neighbour replacement.

2. Degraded resolution products : VGT-~ & VGT-PS8

To ensure some continui~ with existing projects and allow some training
time, degraded resolution products should be made available, at least during the
first two years of operation. They should be resarnpled from the VGT-PS product,
with grid sizes of 4 and 8 km. The resarnpling should be performed selecting always
the same pixel in the 16 or 64 lkmz pixels.

3. Elements for product request

To order a particular VGT-S product, users should have to specjfy (directly or
via the interaction with a catalogl the following elements :

1. date/reference to the day [for VGT-DS) or period (for VGT-PS) from which
data should be obtained,

2. the geographic location of their zone of interest. If it is necessary to simplify
the project development, the requested mne could have to be composed of
an integer number of predefine 1000x lOOOkmascenes, but the image data
should be arranged into only one image.

3. the geographic projection to be used, selected among the set of available
projections.

4, the subset of the original information collection (for example, the entire set
of data or only NDVl with ancillary data or any subset of spectral bands...)

4. Data volume and delay requests

This product, especially the VGT-PS product, will certainly be the most
requested product for large area coverage : some regional areas will be requested
several times and regularly throughout the year. The total volume of requests
averaged for each product instance is estimated to be :

● about 6 to 8 global land coverage for VGT-DS and a priori requests, with a
delivexy time of 2 to 4 days,

. about 10 glob~ land coverage for VGT-PS and a ptiri requests, with a
delivery time of less than 1 week,

. about 5 global land coverage for VGT-PS and a postetiri requests, with a
delivery time of less than 1 week,
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● a maximum of 10 global land coverage for both VGT-PS4 and VGT-PS8 for
a ptiri requests and with a delivery time of less than 1 week. (transition
phase)

This volume can be decomposed in a large number of regional requests (10’ -
25 10 km’) and a limited number of global requests (rarely one for VGT-DS,
between 1 and 2 for VGT-PS, between 2 and 5 for VGT-PS4 & VGT-PS8)

E. SUMMARY ON REQUESTED VOLUMES and DELlVERY TIMES

The following table summarizes the estimates of volumes requested each day
for each data product and mean delivery time.

Product Nature Zone
Name

VGT-P . Idealsystem w Orbitsegment
correcteddata

VGT-DS Dailysynthesis Geographical
zone

VGT-PS PcrIod Geographical
synthesis zone

VGT-PS4 Degraded Geographical
VGT-PS8 resolution zone

, ,

Type of request Volume (1) Meandelivety
time (2)

a priori 2 2-4days
a posterion 1 clweek

a prim” 6-8 2-4days

a priori 10 c 1week
a posterior 5 <1 week

a priori <10 c 1week

1: volumes am estimated h total @obal fand cov-ge [wmc portions can be ordered Hcraf times). It comfmnds to different
volu-s ]n b~es for the produc&.

2:debvcry titi is running fmm aqukltion dale for a p%ti rqucs~ and from ordering date for a postiri rquests.

Table 1: Estimated volumes and delivery times for each categoxy of product.

F. GENERAL SPECIFICATION FOR DATA FORMAT and SUPPORT

F. 1 Forrrfat

The format for any product level should conform to the “Stand=d Family Tape
Format” used widely for satellite remote sensing data, the evolution of the definition
of other structures (HDF for EOS for example) should be studied by the project
development team to propose the htghest compatibility with other systems. In any
case, as stated above, the algorithms and software (for the most common computer
systems) should be made available as templates for these users to develop their own
input/output sotiare.

The format might be adapted to the support, especially to transmission via
telecommunication lines: compression techniques might be applied, providing they
are lossless compression or compatible with the radiometric qua.li~ when specified.
In case of compression, capability to extract data from specific geographic xeas or
at different resolution would be appreciated.
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F.2 Data coding

Coding should always be made on multiples of bytes and avoid intermediate
number of bits (10, 12...)

F.3 suppOrtS

The support for data delivery must be adapted for the volume to be delivered
and to particular constraints on time delay : the most standard and compact
support should be proposed ( from CDROMS to Exabyte cassettes for example,
taking into account durable new standards which are floutishingl as well as
network links which should be proposed when cost / effectiveness can be accepted
by the users.

G. CATALOGUE

The main purpose of the cataiogue will be to give information for a posterior
requests where users would order VEGETATION data which were acquired before
the time of ordering. For a ptiri requests, the processing should be done without
any interaction with the ● customer * as soon as the characteristics of the request
are accepted both by the customer and the Image Ground Segment enti~.

To allow short term (between 6 month to one year) retrospective requests, an
on-line catalogue must be available giving only quality jnforrnation for all products
which cart be ordered. For longer term retrospective studies, it will be much easier
to make available on dstandard ● supports a periodic catiogue, where I simplified I
or c quick-look Pimage data could be appended to the quality information.

1. On-line catalogue

As a first implementation the catalogue should give access at least to
information on the quaiity of the images (similar to the indications given in the
status map, with or without cloud indication if no widely accepted method is
retained), with indication of existing High Resolution data that could be ordered
from SPOT Image. If a character mode catalog can synthesize the usefull information
it could be acceptable. A simple graphical representation of information should
however be prefemed, and be designed to be coherent with standard Graphical User
Interfaces available when SPOT 4 is launched.

Access to the cataiogue must privilege the use of international networks
connections.

As its main purpose will be for user to define a postetiti requests, procedures
to establish a request artd give all information on the status of a p-cular request
should be embedded or closely related to the catalogue.

2. Periodic catalogue

A periodic cataiogue of VEGETATION data should be made available (on
CDROM for example). It could be based on a sampled image (8km sampling) of red,
nea infrared and short wave infrared images in a standard graphical format for
images and an indication of cloudiness computed from the status map (number of

Vegetation: Products specifications - version 2- 05/ 18/94 - page 17



cloudy 1km pixels in the 8 km pixel) if the information can be obtained. This catalog
should be edited eve~ 6 or 12 months for the VGT-DS and VGT-PS products.

H. OPERATIONAL CONST-T8

Apart constraints inferred from the characteristics of the products, the
projected volume that could be ordered and the delivery time for each category, the
development of the system should take into account the capability to evolve in
response to the users communi~.

Particul= attention must be given to the first year of the operational system,
where users will most certainly place a pos~ri orders, assess the quali~ of the
data, products and services before they begin to place a ptiri orders. Then Table 1
must be considered as the profile of requests tier the users community has got
acquaintance with the entire system and operational projects which could make
profit from the VEGETATION data have adapted their own system to operationally
ingest these data. The time needed for such adaptation can be estimated to be
around one year. One of the roles of the VEGETATION Preparatory Programme is to
shorten and facilitate this phase as much as possible.

A second we of evolution that must be taken into account in the design of
the system is the regular update of its procedures for data processing. As it was
already mentioned, the availability of VEGETATION data will allow development of
new methods for extraction of information or better processing. Some areas are
already known as being only acceptable for a first implementation of the system,
mainly the cloud detection and the synthesis procedures. However, the only way to
improve these procedures is to process a significant amount of good quality data
which will only be avdlable from VEGETATION itself or systems that will provide
measurement collections at almost the same time. Then capability to change some
procedures must already be designed, especially for the two procedures mentioned
above.

As a consequence, when the standard procedure is changed, solutions for
keeping the coherence between products along the entire lifetime will have to be
found : the reprocessing of the archive is a major task to undertake that should not
be considered in the scope of the Image Ground Segment entity. At one particular
time, the procedures to be applied for the production of any data sets should only
be the current procedures, with the parameters which are appended as ancillary
information to VGT-P products. Processing data with a procedure which is not the
current procedure at the time they =e processed should not be considered as a
priority for the Image Ground Segment enti~ and possible external facilities could
be negotiated for these particular tasks. me capability for such tasks should then
be studied specifically, the decisions related to a general or partial archive
reprocessing being taken in conjunction with users representatives in a manner
similar to what is used for the first specifications of the products.
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I. INTRODUCTION

A. CONTEXT OF THE PROPOW

The concepts of an lns~ment dedicated to studies of the vegetation cover on a
global basis was presented to CNES in 1985 as a candidate to complement the
main SPOT 4 mission that is based on two high spatial resolution instruments. The
overall objectives of “Vegetation” were to provide accurate and operational
measurements of simple characteristics of vegetation canopies,

. either for scientific studies involving both regional and global scales
~pefiments on long Ume periods (for example development of models of the
biosphere dynamics Interacting wtth the climate models),

● or for systems designed to monitor important vegetation productions, like
crops. pastures and forests.

Since 1985, a large number of scientific and technical teams have been involved in
the use of meteorological satellite data (such as NOfi-AVHRR or METEOSAT) for
studies of vegetation characterisUcs, taking benefit of the repeatitivity of the system
that allows an acquisition frequency adapted to the vegetation seasonal evolution
rate, and of the possible global coverage with a spatial resolution varying from 1 to
about 16km.

These studies provided much more knowledge of the possibilities of remote sensing
to determine surface characteristics. They also played a key role in the
development of global scale projects dedjcated to the functioning of vegetation
covers, their role in environmental and climate changes and their interaction with
the atmosphere. Obviously, the relationships between remote sensing

measurements and detailed parameters of biosphere processes are still to be
established to reach the level of in situ studies, but it is also clear that even simple
and robust estimates of main parameters —as reflectance of the solar ener~ or
absorption of photosynthetically active radiation for exampl- can provide a much
improved knowledge of the biosphere dynamics, both at regional and global scales.
One key requirement for this simple data collection 1s that it is available for long
periods of time (related to time response of the seasonal and climatic evolution),
with a mirdmum and constant guaranteed accuracy or with complement
measurements to allow some separation between target characteristics and
disturbances due to Its environment. Another important requirement is that the
capabili~ to migrate from local to regional then to global scales be provided,
Wthout the problems related to differences in time or environment conditions of the
acquisition.

The “Vegetation” system. composed of an instrument onboard a satellite and of its
associated ground segment, has the objectives to provide these long term simple
measurements adapted to biosphere studies. Capabilities for scale integration are
provided by the combination with the main SPOT instiment (HRVIR)which allows
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high spatial resolution for detailed modelling activities or multilevel sampling
procedures. Availabili& of data to different types of users is permitted through the
centralisation of reception and archfving global data, associated to quality
monitoring. The launch date [around 1996) and duration of the system (about 5
years of estimated life time) is adapted to a systematic and extensive application of
methodologies that are extsttng or will be developed in the next five years.

~olution of the system.

Clearly Ws system will benefit from detailed studies based on other systems that
are dedicated to specific studies of the characteristics of remote sensing
measurements or to their relatfonsMps Wth surface or processes’ parameters. It
must be entisaged that the evolution of the mission specifications will have to take
into account results of such studies to provide improved characterisation of the
biosphere state and dynamics. Moreover, as many research actttities and projects
are being developed around the use of VEGETATION we data, new
methodologies will certairdy be validated to invert surface parameters from remote
sensing measurements (for example estimation of absorption of photosynthetically
acttve radiation): these methodologies must be taken into account in the evolution
of the system, both durfng the time life of the ground segment associated to the
ifitial onboard instrument and for following instruments that would continue the
same type of mission.

B. PURPOSE OF THE ~SSION SPECIFICATIONS

A detailed description of the domains that could benefit from MS system is given in
“A mission for Global monitoring of the continental biosphere” (Ref. 13). In this
document, the mission objectives till be described and structured, to emphasise
on the requirements of the system in terms of ‘data” characteristics, accuracy of
their different aspects (radiometry, geometry) and constraints for operation of the
system.

The particular data to which these quali~ specifications apply will be described. A
strategy to deffne derived data products adapted to potential users will be outlined.
The requirements for these derived data products should be defined by a User
Committee, leading then to the d~nftion of the part of the ground segment that
must transform system products to users products.

Geome@ and radiometry characteristics and their desired accuracy will be given.
ParUcular attent.ton will be given to the correlation to the high spatial resolution
instrument characteristics to preseme one of the essential feature of the entire
system.

Constraints for operation of the system, availabilig of data to users wtll be
expressed.
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II. MISSION OBJECTIVES

The domains for which that system is defined are descfibed in Ref. 13, leading to a
general description of the instrument characteristics. However. to precisely
detemine the specifications, the different uses that will be done of the data
delivered by ‘Vegetation” have to be structured in order to give common constraints
on all aspects of the measurements. ~s till show that a synthesis can be drawn,
giting a minimum set of specifications for geometic and radiome~c

characteristics as well as for their accuracy.

A. RATIONALE FOR ~ GENEW DEF~TION OF THE STSTEM

Mission based constraints

AS mentioned above in the introduction, the objective is to provide simple and
robust data adapted to biosphere studies : as the first order characteristics of land
cover can be derived from a mitimum set of remote sensing measurements, a
number of goals relating to vegetation monitoring can be achieved if long term data
sets are available to users witi a minimum and guaranteed quality. The following
discussion, referring to studies conducted in the last years, till summarise the
concepts and justificaUons for that approach.

Wavelength domti Measmement set for the Improvements

next ye=

Solar reflection : ● 3 SPCCti bands : VIS, ● Activesystems (lasers)
vIs/NIR/sm NIR SWIR . Highspectral resolution

● Additionalbands for . Polarisation
atmospheric corrections On board preprocessing

. Directional
measurements [and/or
polarisation]

Thermal infrared ● 1 to 3 spectral bands . Activesystems (?)
between 3.5 and 14 pm . Spectroscopy

● Vertical sounder

Active/ passive ● The largestwavelength ● Enhancementsof the
microwaves with acceptable spatial spatial resolution

resolution (passive (mterferometryfor
microwaves) passivemicrowaves)

Table 1 : Remote sensing measurement sets for biosphere studies

The rationale for the defirdUon of general characterisUcs of the proposed system
was developed in Ref. 9 (Dp 65-75). Takjng into account the different processes
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(exchanges between vegetation and soils. between vegetation and atmosphere,
production mechanisms and ecosystems dynamics) and the scales —spatial as well
as temporal scales- that have to be studied for a better understanding and then
modelisation of the biosphere, different sets of measurements were detailed (table
1).

The “ideal” spatial systems that could contribute were outlined (table 2). They
should be composed of two different satellites: each adapted to some specific
measurements :

● a “mid morrdng” satellite for short wave measurements in the solar reflection
domain, the reason for overpass hour being related to cloud cover which is
statistically better at that time than in the afternoon when convection generally
gives cumulus clouds in the tropical areas,

● an “afternoon” satellite for the studies of energy and water fluxes using
mairdy thermal infrared instruments.

“Mid-rooming” system “Afternoon” system

Core instruments : Core instruments :

wide FOV instrument (with 1 km Thermal IR radiometer,
spatial resolution) and high IR spectrometer,
spatial resolution instrument [= atmospheric sounding
10-20m) with same spectral Options :
bands wide FOV VIS-SWIR

Dptions : microwave radiometer [10.7,
thermal IR radiometer and 18.5, 37 GHz)
spectrometer imaging scatterometer (5.5 GHz)

Orbit : sun-synchronous

orbit : sun-synchronous Time : 13h30 and lh30 (solar)

Nme : 9h30 [solar) Cycle : global coverage

Cycle : global coverage each day

Table 2: “Ideal” satellite system for biosphere studies

Different options were discussed, mairdy about thermal infrared measurements :
two ~es of information can be extracted from thermal infrared data : surface
temperature and surface emissivity —with appropriate hy-pothesis for decoupling
these two characteristics-.

● surface temperature IS one of the keys to the determination of energy and water
fluxes. However, it is certainly desirable to get thermal data at least on the
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minimum or m-mum values while a single measurement in the transition
period (mid morningl might be difficult to interpret due to the variability of the
factors that can cause different temperature elevation rates.
Then the best chojces for thermal data would be either at the maximum
temperature level (generally beginning of afternoon), or to use the geostationary
meteorological satellites that protide adapted time sampling (about twtce an
hour) with spaual resolution that are in the range of about 5-10 km. Other
needs of spatial resolution of about 30 m and several acquisition times dufing
one day have still to be refined.

● surface emissivtv might be one way to identify surface characteristics but it
was considered that methodologies to extract useful Information on emissivity
had still to be validated. As in the solar radiation domtin, the applications tiat
could take advantage of emissivity estimations need a high spatial resolution.
Extstlng technologies are still Umited to provide such measurements in the near
future.

Technological constraints

For the final specifications. limitations due to technology will impose strong
correlation between different features, for example: getting a global coverage with a
specified frequency of acquisition for a sun-s~chronous satellite imposes a
particular field of view of the instrument. For a desired spatial resolution, number
of spectral bands and number of digitisation levels, this will determine the volume
of data to be transmitted and the data rate, then the characteristics of the
transmission systems that can be used (tw of receiving station).

It was also considered that some choice had to be made to insure that
measurements would be acquired as soon as possible. The opportunity to have
such a mission onboard SPOT 4 was certainly one main factor for decision : some
developments would not have been feasible in the time left for design and
development before launch [thermal infrared for &ample), and limitations on
weight, energy consumption and volume had to be taken into account.

Mission constraints were then traded against feasibiliw to insure availability of
measurements as soon as 1996. Consideflng the operational and simple concepts
wtich were retained for the general definition, while some simple charactertsucs
(other spectral bands for example) had to be abandomed, the overall system keeps
some coherence. It must be kept in mind that wolutions will have to be proposed
and discussed as stated above, both on the ground segment of the first system and
for the second instrument.
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B. MAIN MISSIONS FOR THE VEGETATION SYSTEM

1. TYPICAL USW ON VEGETATION

From this rationale, and participating to the international development of studies of
the biosphere, the needs for a vegetation mission were detailed, being consistent
with the main recommendations also expressed in Ref. 16. Three typical uses could
be outlined :

. surface parameters mapping : this is the basic need, especially for climate and
meteorological studies where boundaxy conditions have to be prescribed for
example to General Circulation Models or forecasting models. “Factors such as
surface roughness, albedo, heat exchanges —sensible and latent— are
important vafiables for these models and they can be determined from ‘simple”
identification of land cover. Their seasonal and long-tern variations are related
to vegetation dynamics and the capability to identify physical characteristics of
land cover is a key to accurate prescription of these variables. 8cales addressed
in GCM or forecasting models (typically about 100 km) request that land cover
and its variability must be determined with a sampling of about 8 to 10 km
[Ref. 17) : the basic spatial resolution needed for identification of land cover and
its varlabili~ is 1 km. The IGBP requirement introduces the need for ekmn~

zones (blocks of about 10xlO km) on which radiomemc properties should be
specified for a more accurate analysis than on larger blocks (zones of about
1000x1 000 km for example)

● agricdtural, pastoral and forest production : since the beginning of the land
surface satellite remote sensing era [1972), important projects (for example
MCIE, AGR.ISTARSfor USDA, _ for CEC, TREES for ESA...) have been set
up to develop methodologies and strategies to use remote sensing data either for
mapping of land use in anthropogenized or natural ecosystems or for estimation
of production potential. Their specific objective was to determine the evolution
of productions. This objective had to be adapted for management of crop
production for agricultural =porUrtg countries, to monitoring of pastoral
resources and their dependence from meteorological evolutions, to the
evaluation of possible global impacts of deforestation and more generally to the
needs of information related to political or social orientations and decisions.
One strong model that should be used to infer specifications for Me vegetation
system is the MARS project, especially because of the sticture of the project
itself that is based on complementa~ approaches using ground sumeys, high
spatial resolution (SPOT and Landsat/TM data) as well as frequent observations
[NOAA/AVHRR) and classical agrometeorological models.

● terrestrial biosphere mechanisms monitoring and modelisation : the
contribution of the continental biosphere to the biogeochemical cycles
(exchanges of carbon and other trace gases] and to water and energy exchanges
IS one of the objectives of the development of models. Interaction with human
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activities is also one of the main points to be studied, because the effect of
human pressure on the biosphere might be one of the means by wtich man is
acting on climate on the long term. Biosphere processes and land cover
charactexlsation are the basis for quantification : estimations of land cover
variables as well as the dynamics of these variables have to be made for a good
understanding leading then to modelisation. Predictions of impact of climate
change on the biosphere and of interactions of the biosphere with the climate —
either due to natural factors or to human pressure can only be inferred from
quantification and formalisation of the mechanisms by wMch vegetation cover
and ecosystems are functioning. Multilevel series of models have to be
developed and linked, ranging from ground studies, local parameterisaUon and
models to regonal or global dynamics and interaction models. Remote sensing
of the vegetation as shown above offer a unique tool for these developments,
providing the specification of the systems be adapted to each paficular need.

2. Simultaneity with high spatial resolution acqdsition

Beside the thematic nature of the mission as descrtbed above, one key feature of
the system is that it should allow simultaneity between high spatial resolution and
the Vegetation acquisition. This condition is important for the development and
validation of models : as it is usually done, study or pilot sites are chosen for
specific experiment, on which data related to the model that is to be developed or
validated are collected. It is -petted that the VegetaUon-HRVIR system on board
SPOT 4 will provide high spatial resolution but low temporal frequency together
with low spatial resolution but high frequency acquisitions, especially for local or
regional studies, allowing some ‘zooming” capabili~ that is essential for the
extrapolation or integration of processes at different scales : this should provide a
unique capability for multlscale mperlments, especially if they are complemented
with ground and airborne acquisitions. This capability does not have to be
systematic : a typical experimentation could need for example 4 or 5 high spatial
resolution acquisitions during one vegetation cycle for a better determinaUon of
surface parameters and overall, idenUficatton of land cover and/or land use.
Simultaneity IS most important, especially because of disturbances due to the
atmospheric conditions —either clouds or aerosol contents that are Mghly
vartable and to reflectance variability due to directional effects related to sun
azimuth and elevaUon angles. Coincidence between measurements will allow
precise adjustments that are not possible with existing systems (midmoming htgh
spatial resoluUon —Landsat TM or SPOT— and afternoon high frequency —
NOAA/AVHRR-l. The combination of spatial resolutions WI1lbe discussed later.

3. Operational constraints for the main mission.

The typical uses described above all require long term monitoring. either for
operational systems dedicated to weather forecast or agricultural production
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motitofing, or for scientific studies that require long time series for comparisons of
several years and detection of regional or global changes. It shodd then be
considered that the system must have a life time that should be not less than at
least a decade, with possible changes in its charactexlstics that would ensure the
continuity between successive instruments.

At shorter time scales, some days might be missed in some regjons [for sample in
the winter season) because variations in vegetation covers are sometimes slow.
However best efforts should be made so that data be available at a steady rate
along the year, with no interruption In data availabili~ that would be more than
some days (to be refined depending of the time in the year and geographical
location).

For the three typical uses described above, the followlng modes of operation of the
system can be defined :

. for local studies, either in the context of modeling experiments or motitorlng of
special zones for example for agricultural or pastoral productions assessment, it
is useful to have the capability to acquire the Vegetation” data from local
receiving stations that could protide better near real time access to raw data
and possibly to adapted products,

. for other applications, when some entities have to monitor remote regions for
which simple comecttons that would allow rapid transmission of locally
received data camot exist, it is desired to provtde access to these data through
a central archive. ~s parUcular capability will obtiously need onboard
recording and some capacig of high rate transmission and reception of
teleme@. These facilities %11 have to be operated wtth the agreement of the
system leading entities, as this operation mode requires some, interaction with
the satellite and particular transmission subsystems. TecWcal constraints and
cost are the ordy limits to the number of facilities. no specification other than
the need of that paficular operation mode will be expressed.

● for the scientific applications related to global studies, the centralised archive is
also necessary and a minimum number of receiving facilities adapted to
reception of recorded data will have to be established to optimise the required
volume of data that should be recorded onboard.

To perform these operatton modes, it is likely that the system should be designed
to provide

. a global mission for w~ch a centilised arctive would provtde access of
‘Vegetation” data through a limited number of contacts,

. and a regional mission, for which users would get their data either through
local receiving stations if their area of interest is located in the visibility circle of
that station or through the centralised archive.
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Besides the need for this me of operation. the system should be designed to allow
‘small- receiving stations to be operated by local entities. Some continuity with the
existing scheme (AVHRRreceiving stattons) should be provided.

4. Background for speci5cations

The basis to determine the specifications is the existing knowledge of interpretation
models as well as of correction of disturbing effects (atmosphere or directional
effects). This knowledge was mostly obtained from studies using either ground
investigations of radiomewc properties of vegetation or soils, high spatial
resolution satellites or NOAA-AVHRR data. Many references can be found in the
literature (see for example refs. 12 and 13). It should also be taken into account

that research activities will lead, before “VegetaUon” launch date, to new methods
that will probably allow to better correct for atmospheric effects or to include
directional effects into interpretation models. But the strate?y for defintng the
specifications must always be to design a system for operational use of satellite
measurements into scientific or applicative projects and not for the development of

new observation methodologies (improved atmospheric or directional effects
corrections for example or new spectral bands for characterisation of other canopy
parameters].

C. SECONDARY MISSION

As presented in Ref. 13, a secondary mission can be defined on observation of
snow and Ice. Howwer. this secondary mission does not impose any other
specification than those which are =pressed for the main mission, except tiat
ranges in reflectance should be extended for reflectance of up to 1.0 in the red
and NIR bands if other specifications on radiometric resolution can still be
obtained.

AS areas covered by snow and ice on a large extent are generally near the poles, the
conditions on sun zenith angle will not be always satisfied, then quality might be
degraded on these areas.

Data collection should not be modified to record images related to that secondary
mission on board, only local receiving stations would have to be used if necessary.
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IIX.SPECIFICATIONS

A. FEATURBS TO BE SPECIFIED

The main features that have to be defined for each typical use of the “Vegetation”
mission are :

the spectial properties : spectral bands , their location and bandwtdth.

the radiometric properties : resolution (expressed in terms of Noise Equivalent
Difference of Reflectance : NEAp) and accuracy (related to calibration
capabilities)

the temporal propefies : frequency of data useful for a particular use, time and
frequency of data acquisition,

the geometric properties : spatial resolution, spatial coverage, vi~ng angles,
accuracies for location and registration (between different bands, between
different images)

the coherence with high spatial resolution data,

particular constraints on delivery, processing systems...

Application of the spec~cations :

As ancillary data cotid be used to improve the quality of measurements done by
the instiments, some level of product must be defined : the following
specifications apply to the first level of data that will be made available to users
(Ref. 19). For this level. boti system and ancillary informattons are used to
determine correction parameters. They include any knowledge that can be obtained
from satellite sensors [attitude, orbjt for example), from internal calibration
systems as well as from calibration procedure that should be performed by the
satellite operator. They also include information that would be obtained from
external data, especially for geometric processing where maps, digital elevation
models or a database of ground control points could be used.

However, due to the lack of accuracy of some ancillary information, the

speciixations might be dixilt to meet or the quality OJthe data d[~iit to assess.

This is Particutilg true for atmospheti corrections where the uncertainties on

atmospheti properdes might lead to uncertainties on ground retictances that will be

bger than the specl~cations. In that case, the quality will be ~ressed on the
ground refictance as specified but making the -sumption thatactucdatmospheric

eflects are those which are computed using the atmospheti corrections procedure.
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B. PROPOSED SPECIFIWTIONS

1. The spectral properties

For each of the main missions. some specific parameters are important and have to
be derived from remote sensing data. To keep the measurements as robust as
possible, ordy wide spectral band measurements (==50 nml are considered and the
objectives are to charactertse the main features of plant canopies : absorpUon by
chlorophyll, water contents and structural properties. The best and minimal set of
spectral bands known to fulfil this need is composed of (see for example ref. 8)

. a red band centered on the absorption peak of the cf’dorophyll (0.665 pm],

s a near infrared band corresponding to the maximum vegetauon spectral
reflectance and principally related to the structural properties of the canopies
and to percentage of soil covered by vegetation.

● a short wave infrared band centered around 1.65 pm where reflectance is
related to water content of the canopy components and to its structure.

Considerations for atrnosphertc effects charactertsation or correction should be
added : among different possibilities that are under validation. both the use of
adapted vegetation indices computed from red and near infrared reflectance (for
example see ref. 18 ) and direct or indirect use of additional spectral bands in the
blue region (see ref. 14) have to be retained. To provide capabilities of computing or
characterizing the atmospheric state [aerosols) an additional band can be
proposed :

● a blue band (between .45 and .50 pm) where ground reflectance of vegetation
cover is minimal and atmospheric aerosol diffusion effects are maxtmal.

The itiuence of atmospheric water vapour, whtch is most impofint in a wide near
infrared band, can be severely decreased by limiting the upper potion of the near
infrared band to avoid the .935 pm water vapour absorption band.

The spectral responses, as presented in annex A will have to be as “similar” as
possible to the high resolution instrument bands, at least for spectral bands that
parUcipate to the same mission : the red, near infrared and short wave infrared
bands.

2. The radiometric properties

=diometxic propefies must be described In terms of:

● radiomemc resolution which gives the smallest radiance or reflectance which
should be detected : it will be apressed in terms of Noise Equivalent Difference
of Reflectance (NE~) that should be detected within specified ranges of solar
elevation angles and reflectance for each spectral bands,
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● radiomewc calibration : to insure that measurements taken in the same image,
in different spectral bands or at different times are consistent. Thts will be
specified in terms of

1.

2.

3.

intra-image consistency which could also be specified as an equivalent to a
radiometric nojse. Variations of calibration within short range (about
10x10km corresponding to the elementary zones) can be considered as
Mgh frequency radiometric noise and wtll be specified as part of the
radiometric resolution. Low frequency variations of calibration could be
specified either as radiometric noise (speci@ng values of NEAIIfor large
areas and for the entire image) or as intra-image calibration,

inter-band calibration accuracy and

multitemporal calibration accuracy.

Estimation of radiances or reflectance should also be comparable with other
instruments : this should be insured by the absolute calibration accuracy.

Notes :
1. Calibration accur~ fiures will be gwen as retive accur~ of

refictances : Ap/p. For example, an absohte ca~ration accur~ of
10% means that a refictance of 0.10 ~ known with an accur~ of

.01,

2. As the fii[ dnta that will be used are surfme refictances, the

specifications must be given for swfme re@ctances. For the &tailed

speciiations of the instrument itse~ top of atmosphere ~A)

re~ctances and radiances shouM be used. The trwformation

bet ween svface and ~A remctance or radiances can be pfomd

using the5S code (ref 1O).

Considering existing research work on the use of reflectance propeties [Ref. 15) or
derived indices (NDVI, 3AW. MSAVI, GEMI,. ..) and taking into account first
optimisations done with system engineers. tie following values can be proposed.
for sun illuminations corresponding to a sun zenith angle of less than 60°:

● ranges for surface reflectance (allowing for saturation for some land covers as
snow or bright soils in some conditions or spectial bands and for clouds)
should be consistent wtth Ref. 3:

1. from 0.0 to 0.5 for the red band.

2. from 0.0 to 0.7 for the NIR band and

3. from 0.0 to 0.6 for the SWIR band.

4. for the blue band, as it is only envisaged as an experimental band for
possible corrections of atmospheric effects on soil and vegetation, typical
values of surface reflectance on these two land covers are generally less
than 0.5.
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● surface reflectance resolution of the order of 0.001 to 0.003 should be an
objective for the specification with some adjustments for the different bands :

1. for the red band, as vegetation ground reflectance are low (generally less
than 0.1 ) , a target specification of 0.001 for reflechnces of up to 0.1 is
desirable, at least for analysis on small blocks of ptxels corresponding to
areas of about 10x 10km (see elementary zones in section 11.B.1). The
specified value for NEX could increase linearly up to 0.003 for reflectance
values of about 0.5.

2. for the NIR and SWIR bands, reflectance differences of 0.003 must be
detectable for the entire range of reflectance and either for small blocks or
the entire image.

3. for the blue band. as the variation of TOA reflectance for the *eme
conditions of atmospheric conditions (from 5km to 23 km visibility) is
about 0.035, differences of about 0.003 should be detectable.

Comment : from existing knowledge U can be assumed ~ when atmospheric
conditions and directional effects can be accumte~ estimated, variations of
the surfae NDVf vaiues o~ about 0.03 can be related to ~ns of

vegetation fioction cover, biomass or intercepted photosynthetically active

radiation that are sigrdfiant irefs 5, 12, 1). For conditions corresponding to

the beginning of growth of vegetation, when red and NfR refictances of 0.1

and 0.2 respectively can be encountered. this means that diierences of about

0.0045 should be detected in the red and MR bands. Taking into account the

irnprovement that WU occur in the titerpretation schemes in the next thee or

Jour yecus. the abovetiuresJor nofse specifications seems to be of theorder

of what shou~ be useful for operational progr amrnes using these tgpes of

data

● Intra-image consktency : the calibration consistency within an entire image
(large areas) should give a NE~ better than 0.005 for any reflectance value.

● Calibration accuracy should be comparable to the Wgh resolution instrument
specifications that are within a qualiw range consistent with existing studies
and probable needs for the next ten years :

1. interband and multitemporal calibration accuracy better than 30A,

2. absolute accuracy better than 5°h

● Digitization : digitization must be consistent with the radiometric resolution
specification.

3. The time and frequency of data acquisition

It must be related to the evolution rate of the processes to be characterised, taking
into account limitations due to observations from space in the solar energy domain,
mairdy atmospheric disturbances and cloud coverage. These two factors WI1lforce
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an over sampling in time so that accumulation of acquisitions and screening of
cloudy measurements can lead to a “useful” acquisition frequency adapted for
vegetation studies. The effect of these factors on acquisition reductton can only be
known from statistics on cloud coverage and atmospheric optical Mckness. which
is varying duting the day, with the season and with the geographical location.

To get a minimal cloud cover, the best acquisition ttme is midmorning as many of
the sun synchronous satellite remote sensing systems devoted to land applications
(Landsat, SFOT...).

Existing operational systems are delivering information on vegetation or
meteorological conditions ~th a pertod ranging from 5 to 10 days. A mean internal
between useful acquisitions to measure changes in vegetation growth can be
considered to be about one week : M@ level products should then be generated to
provide data with the usual frequency, the “Vegetation” system providing sufficient
data to derive the final useful information. To achteve thts goal, experience from
exjsting systems shows that actual acquisition should be as much as possible with
a frequency of one day, to ensure coverage of the entire land areas each day. Even
with this strong constraint, cloud screefing will, in some regions and for some
periods in the year, significantly decrease the useful acquisition frequency
(especially in the tropical regions during the rainy seasons). Ttis is probably the
greatest drawback of solar ener~ measurements and any possibility to keep to the
one day interval should be reserved.

Frequency acquisition is strongly related to spatial resolution, number of pixels by
line of image and field of view of the instrument. Consistent modifications of these
parameters should be discussed with the users to provide the best compromise,
current values for the specifications being the preferable combination that was
accepted today.

4. The geometric properties

From an instrument point of view, geomemc specifications should be expressed in
terms of:

● sampling rate in two directions,

● Modulation Tranfer Function for the entire instrument (optical and electronic
components],

● Field of view,

● accuracies of location and registration for each band relative to the others or
to a reference image.

From the users’ point of view, specifications of spatial resolution. sampling rate
and accuracies will define the main user’s characteristics of the system while otier
instrumental specifications wtll be adapted during the instrument design phase
taking into account physical or technical constraints.
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Spatial resolution and sarnpiin.g

fio strategies can be used to define spattal resolution and sampling : either to
consider the “vegetation” instrument alone or to consider the association with the
Mgh spatial resolution instrument. A good number of criteria to make the choice of
a particular spatial resolution have been defined (see for example ref. 6). Both the
standard deviation of NDVI values at some parUcular dates and the standard
deviation of time differences of NDVI on some selected sites were chosen and
represented on the following figures [Figure 1 and Figure 2).

These two figures clearly show that the information content decreases as spatial
resolution increases but that the decrease in information content from Landsat
MSS resolution to a resolution of more than 200 m is much more important than
between 200m and 1km. Then, if the first strategy is considered, for one
instrument that camot have Mgh resolution , some information at resolutions of
about 200m has to be acquired : Ms is the MODIS case. In the second strate~
and to extrapolate from biophysical models that are only established on
“homogeneous” land cover, it is preferable to request some capability for sampling
studies using spatial resolutions better than the Landsat MSS resolution and allow
some flexibility for the low resolution system. As shown on Figure 1, to keep
appropriate information on “~chmond” like zones that are very similar to classical
European landscape. jt seems desirable to specify a spatial resolution of about 1
km : tis is coherent with studies on the European countries done for the MARS
project where the AVHRR 1km resolution supplemented by h.tghresolution imagery
[Landsat TM or SPOT] proved to be satisfactory, with some problems due to lower
resolution obtained for off nadir AVHRR ptiels (ref. 15).

Then the requirement for spatial resolution and sampling lntemal is that It should
be about 1 km, with preference for systems that would allow as constant as
possible resolution in the entire field of Wew. The same spatial resolution and
sampling specifications apply to all spectral bands.

Spatial resoluUon is also related to the shape of the MTF of the instrument that
should be as high as possible up to Nyquist frequency: specifications usually
retained for other instruments should be the objective : the MTF value must be no
less than 0.3 up to a frequency corresponding to half the sampling frequency.

The field of view would have to be such that the entIre globe can be Imaged once

each day, especially providing adjacent swath at the Equator. However, that
requirement might lead to some problems :

s a complex design would have to be made to keep the radiometric quality Mwn
the specifications due to the high deviation from opucal &s,

● spatial resolution might dramatically decrease due to earth curvature,

. directional effects due to high zenith obsemaUon angles might prevent any
useful measurement. (For example , with an altttude of 800 km, an off nadir
angle of 50° gives a zenith angle of obsemaUon of about 60° that represents a
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maximum angle for which directional effects are becoming much vaslable and
difficult to handle).
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Figure 2: Standard deviation

Figure 1: Standard detiation of NDVI on
some selected sites for two different dates
(solid and dotted lines) (from Ref. 6)
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Accuracies

Geometric quality must be expressed on the basis of the particular analyses that will be
applied on the images : apart the local distortion, some order of priority for
specifications of the dtiferent accuracies can be given :

1. first. the Mghest priority should be put on the multispectral registration for
spectral analyses or use of multispectral indices like the NDVI or new indices that
could be generated using the SWIR or blue bands.

2. then comes the capability to correctly locate the High Resolution ptxels acquired
simultaneously, relatively to the VEGETATIONpixels,

3. as the temporal evolution ml] be one of the most important feature analysed from
the VEGETATION data, the multitemporal accuracy should be particularly good,

4. finally, the absolute location accuracy should a~ow adequate positioning of each
time serie on other maps or geographical Information.

Local distortion reflects the sampling accuracy within a small area and can be expressed
as a quadratic mean of differences between the actual ptiel position and a reference
regular positton. TMs charactertstlc should be consistent with the registration and
multitemporal accuracies (see below) and such that the devtatton for each spectral band
be not more than 0.3 pixel,

Figure 3 represents the different types of errors hat can be defined .

Hi@ Resolution *OI btion

mesn muhspscbsl IOcati

:\
mw muititemporsllocation

XT
h

Figure 3: Diagram of errors to be considered for geomemc specifications,

N1 measurements are represented by the position of their actual location relatively to the
computed location represented by X.
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Each individual spectral relattve location for one date is represented by BO, B2, B3, B4
[blue, red. near infrared and short wave infrared spectral bands). The c mean
multispectral relaUve location s is defined as the centre of the smallest circle including
all spectral measurements relative locations. The multispectral registration error will be
measured as the diameter of that circle :-.

At one particular date, the corresponding High Resolution * multispectral pixel ● will be
located at H relatively to its computed location X. The collocation error is the distance
between H and the mean multispectral relative locatlon :6.

At different dates, the mean multispectral relative locattons wtll be located inside a
smallest circle, the center of which is defined as the s mean multitemporal relative
location ●. The period that should be considered for the definition of that circle is one
year. The multitemporal registration error WI1lbe measured as the diameter of that
circle : fl.

Finally, the absolute location error will be defined as the distance between the mean
multitemporal relative location and the computed location : A.

That paticular scheme for definition of geometic errors puts a Mgher priortty on the
multttemporal registration than on absolute location of each multispectral pixel.
However, the specification for the absolute location error of each multispectral
measurement (one parucular date) can be inferred from the specifications on fl and A.

The following specifications for tie errors assume non biased errors and are given as the
values of two stindard devtatlons c,O [corresponding approximately to a probability of
5°h to have errors larger than the specified value in case of gaussian distribution) :

●

●

●

●

multispectral registration specification : a,(@ should be significantly less than 0.3
km. tith an objective value of 0.1 km.

collocation specification : c,(8) should be less than 0.3km,

multitemporal registration : Cz(fl should be less than 0.5 km wtth an objective
value of 0.3km,

absolute location specification : UZ(A]should be less than 1 km Wth an objective
value of 0.5 km.

For the blue band, as it should be used mostly for atmospheric corrections, at least for
the ftrst flight model of the instrument, the specifications for xS, 5, xT, and A can be
relaxed to be of the order of 1km.

These specii.cations app~ for the fist kvel of products dejned in the Product Definition

document (ReJ 19).

5. Coherence with high spatial resolution data

AS it is required that Mgh spatial resolution data be used for specific studies together
With the Vegetation- data, some constraints have to be defined for the inter-instiment
quali~ :
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CoUocation oj’pixels

See above.

Spectial bands consistency

The spectral bands of the two instruments should be as similar as possible, the relative
difference betsveen measurements on the same object being not more than 3°h. ~s

specification has to be insured on the typical spectral reflectance vaxlations that can be
found on bare soils and vegetation canopies.

6. Spatial coverage

Considering the importance of different areas of the globe both for scientific or
applicative project, all the land areas should be imaged by the instrument at any time.
Radiometric quality must be met as soon as the solar zefith angle is less than 60°.
However, as described in the missjon section, some areas could be included for the
global mission : they are mairdy areas covered by snow or ice (Antarctica and Greerdand)
for wMch the secondary mission could be performed using local receiving stations
specifically installed for that purpose M there is no station dedicated to the vegetation
mission itself.

To get daily coverage and then adjacent swath for the lowest possible latitudes, the
system will be designed such that some overlap tist for high latitudes : geographical
points at high latitudes might be imaged more than once a day but with different sun
and viewing geometry. As ~s difference might give information on the directional
properties of the surface, they should not be eliminated at any step of the acquisjtion-
transmission-archiving chain.

7. Operation modes.

Central receiving system

The entire system should be designed to allow a centralised access to data over the
entire globe. Users should find in a single facflity:

● inforrnations on all data acquired and processed to standard levels of processing,
especially on their quality (cloud cover). Some information on High Resolution data
acquired simultaneously to VEGETATION data should be made available.

● capability to process and deliver standard products,

● information related to the use of VEGETATION data sets.

See companion document on Products Speci$cations for a full descriptwn of the

products (Ref. 19).
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Local receiving stations

.% described in the mission section. local receiving capaci~ should be possible Wth
stations that are “affordable” to small organizations. Some continuity With the existing
receiving stations should be provided, taking into account the new technical possibilities
[changes in transmission bands, compression...).

As the quality of the data is strongly dependant from system information on radlome~
or geome~, these information should be made available to the local stations for local
processing up to the same data product as in the centralised architing centre. Itis also
recommended that a standard preprocessing system be specified and provided for these
stations.

Each local station will be responsible for other products processing and delivery as well
as for their delivexy time.

Degraded modes oj’operations

In case of failure of part of the system, every effort should be done to associate users
tfuough a structured enti~ similar to the International Users Committee and elaborate a
new operating mode. Priorities should be established to provide as much compatible
setice as possible wth the nominal mission. Some guidelines for priorities can already
be given :

. the global coverage feature should be a Mgh priority, leading for example to
establjsh a network of local receiving stations in case of failure of one of the
components of the system, alIowing centralized access to the entire continental data
set.

. data products similar to elaborate data sets already available from existing systems
on the globe should be made avalaible, wen if adaptability to particular needs
cannot be achieved : for tiample synthetic data sets over periods of about a decade
should be always available, possibly with only one sampling grid or on a predefine
partition of the continents,

● the raw data, together with information on system parameters that should be used
to process them, should in any case be archived because historical studies will have
utmost importance for any analysis of changes at regional or global scales.
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ANNEX A : SPECTW BANDS SPECIFICATIONS

The following figures give the mifimum and maximum value required for the spectral
response of’ each of the principal bands (red, NIR and SWI~ and !or the experimental
blue band.
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Figure 4: Red spectral response specification
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Figure 6: SWIR spectral response specificaUon
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~NEX B : SUMMARY OF SPECIFICATIONS

Spectral bands Wavelength Range for surface reflectance

Operational : RED 0.61-0.68 pm 0.0 -0.5

NIR 0.78-0.89 pm 0.0 -0.7

SWIR 1.58-1.75 pm 0.0 -0.6

Experimental :

BLUE 0.43-0.47 pm 0.0 -0.5

Radiometric resolution [NE@)

WD 0.001 up to reflectance of 0.10

linear increase up to 0.003 for reflectance of 0.5

NIR, SWIR 0.003 for the entire range

BLUE 0.003 for the entire range

htra-image consistency : witin an entire image. corresponding to a NE@ of 0.005 for
any reflectance value

Calibration accuracy :

interband and multitemporal : better than 30A

absolute : better than 5“4 .

Table 3: Radiometric spec~ications
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Spatial resolution : in both directions 1 km at nadir (WOOh),mirdmum variations for
off-nadir observations,

Field of view : maximum off-nadir observation angle of about 50°

Accwacies :

local distortion : less than 0.3 pixel,

multispectral registration : significantly better than 0.3 km (O.1 km objective)

multitemporal registration : better than 0.5 km (0.3 km objective)

location accuracy : better than 500m desired, 1000m specified

registration with HRVIR : better than 0.3 km

Table 4: Geometric specificaUons
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ANNEX C : SPOT 4 CHARACTERISTICS

Satellite

SPOT 4 is a sun-sylyctionous satellite in the series which began with SPOT 1 which was

launched in february 1986.

Its main characteristics are the followlng :

Expected launch date : 1996-1997

Mission duration : 4 yrs

Weight : 2680 kg

Payload : 1470 kg

Energy : 2200 w (after 4 yrs)

Orbit Period 101.46 mn

Inclination 98.72°

Eccentricity 1.310-3

Number of revolutions per day 14 + 5/26

Cycle duration 26 days

Speed relative to ground 6.6 km/s

Equator crossing time (descending node) : 10:30 local solar time

at the at 45”
equator latitudes

Distance between 2824 km 2000 km
successive ground

tracksl

Distance between 108 km 76 km
adjacent ground tracks

Orbital altitude 822 km 832 km

Attitude control : pointing : c O.15° (3c)

rate :< 810-4 O/s (3G)

1With a field of view of= 50.5 “, the ground swath tidth of VEGETATIONis 2200 km.
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High Spatial resolution payload : HRVIR

Swath 60 km at nadir.

Depointing up to 27° from nadir

Spatial resolution 20 m in multispectral mode

10 m in “panchromatic” mode

Spectral bands :

Multispectral mode : 0.50-0.59 pm

0.61 -0.68 pm

0.79-0.89 pm

1.58- 1.75pm

“Panchromatic mode” 0.61-0.68 pm

Vegetation Mission Spccificatlons - vemion 3- 05/ 18/94 pa- 27



ANNEX D : LIST OF SUCCESSIVE MODIFICATIONS

From vemion O to version 1

(page references are for version 1 document)

Modifications result from note CNES S4.CR.36- 1566-CN (11/ 17/92) :

BO resolution should be lkm in the global mode :

1. modification to 111.B.2 “surface reflectance resolution” section page 22 : no more
reference to lx 1 or 4x4 km modes,

2. deletion of 111.B.4 “Particular case for the blue band” section page 26.

Absolute calibration specified to 5°h : modification of 111.B.2 section “Calibration

accuracy” page 22.

Multispectral registration : should be sigrdficantiy better than 0.3 (page 26)

Coverage of all land surface areas : modifications to 111.B.6 page 27.

From vemion 1 to version 2

A paragraph was added in the introduction to emphasize the need for evolution of the

system (page 1O)

a paragraph was moved from section 111.A to section 11.A and adapted to recall
constraints and background which were taken into account for definition of the system.

(page 13)

an amex was added to give a short description of SPOT 4 (annex C )

From version 2 to version 3

The modifications were recommended by he System Concept Review (april 94) :

● the geometric specifications were reviewed to give a priority order between the

different aspects of geometric accuracy,

● operation modes and degraded modes were reviewed

● product description refers entirely to the compation document
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LIST OF ACRONYMS ~ ABBREVIATIONS

5s Simulation of the Satellite Signal in the Solar Spectrum : computer code for
atmospheric effects on radiometric measurements (Ref. 10)

AVHRR Advanced Very High Resolution Radiometer (one of the instruments on the
low earth orbit meteorological satellites of NoAA)

CEC Commission for the European Community

CNES Centre National d’Etudes Spatiales (France)

EOS Earth Observing System : US ensemble of platforms dedicated to the global

change studjes.

ESA European Space Agency

EUMETSAT European Meteorological Satellites agency

FOV Fjeld Of View for an observation instrument

GCM General Circulation Model : model of atmospheric circulation for climate

studies or weather forecast

GEM1 Global Environment Monitoring Index (Ref 18)

HRVIR Haute Resolution Visible et Proche InfraRouge : high resolution visible and
near infrared instrument on board SPOT 4 which js an evolution of the

HRV (Haute Resolution Visible) instrument on board SPOT 1 to 3

IFOV Instantaneous Field Of View

IGBP International Geosphere Biosphere Program

METEOSAT geostationary meteorolo~cal satellite operated par EUMETSAT

MODIS Moderate Resolution imaging Spectrometer : to be on board some of the

EOS platforms

MSAVI Modified SAVI

MSS MultiSpectral Sensor : one of the instruments on board the Landsat

satellites

MTF Modulation Transfer Function

NDVI Normalized Difference Vegetation Index : computed from NIR and VIS

reflectance, ratio of their difference over their sum.

NEAp Noise Equivalent Difference of Reflectance

NIR Near InfraRed domain (wavelength between 0.7 and 1.0 pm)

NOAA National Oceanographic and Atmospheric Administration (USA)

SAw Soil Adapted vegetation Index

SWIR Short Wave lnfraRed domain (wavelength between 1.0 and 2.5 pm)

Vegetation Mission Spcctiications - ve=ion 3- 0S/ 18/94 pa~ 29



TM Thema pic Mapper : an instrument on board the Landsat satellites

TOA Top Of Atmosphere : for reflectance or radiances

USDA United States Department of Agriculture

Vls Vjsible domajn (wavelength between 0.4 and 0.7 pm)
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